Synthesis of New Inorganic Ion Exchangers and their Application in the Analysis of Some Substances of Pharmaceutical Importance by Gupta, Alka
SYNTHESIS OF NEW INORGANIC /ON EXCHANGERS 
AND THEIR APPLICATION IN THE ANALYSIS OF 
SOME SUBSTANCES OF PHARMACEUTICAL 
IMPORTANCE 
' • -i " • ) / • • • • • ' ' . • • • 
A 
SUMMARY 
THESIS SUBMITTED FOR THE DEGREE OF 
Bottor of $I)i[o£;oplip 
tV IN f 
APPLIED CHEMISTRY 
By 
ALKA GUPTA 
DEPARTMENT OF APPLIED CHEMISTRY 
FACULTY OF ENGINEERING AND TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1994-95 
 
 
 
 
 
  
 
 
 
^^«VM'.°*$PX 
)^-^ 
1 4 FEB 1998 
 
 
 
 
 
  
 
 
 
S U M M A F y 
 
 
 
 
 
  
 
 
 
The thesis entitled "Synthesis of New Inorganic Ion 
Exchangers and their Application in the Analysis of some 
Substances of Pharmaceutical Importance" comprises of five 
chapters. 
Chapter-1 is 'Introduction' which gives a detailed 
account of the historical background of the ion exchange 
technology and its recent advances followed by a comprehensive 
list of references. Basic principles of ion exchange and its 
applications reported in the literature so far have also been 
discussed. 
Chapter-2 entitled as 'Synthesis, Characterization and 
Analytical Applications of Antimony(V) Arsenosilicate and a 
Lead Selective Phase of Antimony(V) Phosphate Cation 
Exchangers' summarizes the synthesis and ion exchange 
behaviour of antimony(V) phosphate and antimony(V) 
arsenosilicate. 
Antimony(V) phosphate was obtained by mixing the 
solutions of potassium pyroantimonate (O.lM) and ortho-
phosphoric acid (0.05M) in different volume ratios, as given 
in Table 1. The pH of the resulting gel was fixed in the range 
0-1 by adding aqueous ammonia with constant stirring. The 
gel thus obtained was kept for 24 hours at room temperature 
( -^^  30°C) and filtered by suction. The excess acid was 
removed by washing with demineralized water (DMW) and 
 
 
 
 
 
  
 
 
 
the material was dried in an air oven at 45°C before 
cracking into small granules by immersing in demineralized 
water. The granules as obtained were of uniform size 
suitable for column operation. They were converted into H -
form by treating with IM HNO, for 24 hours with occasional 
shaking, intermittently replacing the supernatant liquid 
with the fresh acid solution. The material thus obtained 
was then washed with DMW to remove the excess acid before 
drying finally at 45°C. The Na ion exchange capacity of 
this material was found to be 2.05 meq/dry gm. 
Antimony(V) arsenosilicate was obtained by mixing 
the solutions of sodium arsenate (O.lM), potassium 
pyroantimonate (O.lM) and sodium metasilicate (O.lM) in 
different volume ratios, as given in Table 2. The resulting 
gel was treated as per the details given in the synthesis 
of antimony(V) phosphate above to finally obtain granules 
of the uniform size. Na ion exchange capacity of this 
material was found to be 1.62 meq/dry gm. 
After synthesizing the materials, they were tested 
for their chemical stability by keeping them in various 
solvents for 24 hours each at room temperature with 
intermittent shaking. The supernatant liquid was analysed 
for antimony, arsenic, silicon and phosphorus. The results 
are summarized in Tables 3 and 4. 
 
 
 
 
 
  
 
 
 
Thermal stability is also an important aspect for 
an ion exchanger as it gives the information regarding its 
use at elevated temperature. For this, one gram portions of 
the material were kept at various temperatures in a muffle 
furnace and their ion exchange capacity was determined 
after cooling them to the room temperature. The results for 
both the exchangers are shown in Tables 5 and 6. 
The materials were then characterized by certain 
ion exchange methods such as elution and concentration 
curves/ pH-titration and distribution studies for metal 
ions. Some instrumental methods of analysis were also 
utilized for their characterization like IR, TGA, DTA, SEM 
and X-ray studies. 
The distribution studies point out that the 
antimony(V) phosphate was highly selective for Pb(II) and 
antimony(V) arsenosilicate was highly selective for Fe(III). 
Hence, the materials have been utilized for the separation 
of these metal ions from others. Some binary separations 
were achieved. The results are summarized in Tables 7 and 
8. 
Chapter-3 entitled 'Ion Exchange Kinetics of Some 
Divalent Metal Ions on Antimony(V) arsenosilicate Cation 
Exchanger' summarizes the results of the kinetic study on 
antimony(V) arsenosilicate. The study indicates that the 
 
 
 
 
 
  
 
 
 
ion exchange process taking place on the surface of the 
material is a particle diffusion controlled phenomenon. 
Table 9 summarizes the slopes of the various T versus time 
plots at different temperatures for the forward exchange of 
some divalent metal ions. Table 10 gives the values of the 
self-diffusion coefficients/ energy and entropy of 
activation for the foward exchange. 
The kinetic study reveals that equilibrium is 
attained faster at a higher temperature^probably because of 
a higher diffusion rate of ions through the thermally 
enlarged interstitial positions of ion exchange matrix. The 
negative values of the entropy of activation suggest a 
greater degree of order achieved during the forwrd ion 
exchange [M(II)-H(I)] process. 
Chapter-4 deals with the 'The Adsorption of 
Carbofuran on the Surface of Antimony(V) arsenosilicate: A 
thermodynamic study', here, the thermodynamics of the 
adsorption of carbofuran on the surface of antimony(V) 
arsenosilicate (AAS) has been studied at 30, 45 and SO^C, 
and various thermodynamic parameters like equilibrium 
constant (Ko), standard free energy changes ( A G ° ) , 
enthalpy changes ( AH") and entropy changes ( A S°) have 
been calculated to predict its adsorption behaviour. The 
results have been summarized in Tables 11 and 12. 
 
 
 
 
 
  
 
 
 
A comparison of the results with antimony(V) 
silicate (AS) and Sn(IV) arsenosilicate (SAS) (Table 13) 
reveals that the selectivity sequence for carbofuran is as 
follows: 
SAS > AAS > AS 
Thus, AAS appears to be a more useful material as 
compared to AS the adsorption of carbofuran. It may further 
enhance the adsorption behaviour of soils for carbofuran 
when added to it obviously because of the enhanced ion 
exchange capacity. 
Chapter-5 'summarizes the study of the adsorption 
behaviour of iron from some ayurvedic and allopathic drugs 
rich in iron. The study is aimed to utilize inorganic ion 
exchangers in some real samples. Pharmaceutical products 
have an importance because of their direct use on the 
people and hence their therapeutic evaluation is an 
invaluable aspect of study. In this study antimony(V) 
arsenosilicate has been utilized to determine iron in 
Fesovit, Fefol and Lohasavas drugs. Tables 14 and 15 
summarize the results which indicate that the method is 
quite precise for the quantitative adsorption of iron. So, 
inorganic ion exchangers have shown a potential of being 
used for the standardization of drug samples. 
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8 
TABLB - 3 
CHEMICAL STABILITY OF ANTIMONY(V) PHOSPHATE CATION EXCHANGER 
IN VARIOUS ACIDS, ALKALI AND SALT SOLUTIONS 
Solvent 
Amount dissolved in mg 
Antimony PhosphoroHS 
IM HNO3 
2M HNO3 
IM HCIO. 4 
2M HCIO. 4 
IM HCl 
2M HCl 
IM HjSO^ 
2M HjSO^ 
IM NaNO^ 
O.lM NaOH 
l.OM NaOH 
O.lM KOH 
l.OM KOH 
DMW 
0.0 
0.04 
0.02 
0.4 
0.0 
0.03 
0.02 
0.04 
0.0 
0.1 
Dissolved 
0.08 
Dissolved 
0.0 
0.007 
0.01 
0.006 
0.009 
0.004 
0.008 
0.01 
0.02 
0.003 
0.01 
Dissolved 
0.05 
Dissolved 
0.001 
 
 
 
 
 
  
 
 
 
TABLE - 4 
CHEMICAL STABILITY OP ANTIMONY(V) ARSENOSILICATE CATION 
EXCHANGER IH VARIOUS ACIDS, ALKALI AND SALT SOLUTIONS 
Solvent 
^J\^ A V ^^H %m 
IM HNO3 
2M HNO3 
4M HNOj 
IM HCl 
2M HCl 
4M HCl 
IM H2S0^ 
2M HjSO^ 
4M HjSO^ 
2M NaNO-
2M KNO3 
0.05M NaOH 
O.lN NaOH 
0.05M KOH 
O.IM KOH 
O.IM NH-OH 
Antimony 
1.38 
2.38 
3.00 
0.00 
0.00 
1.70 
7.13 
9.75 
13.9 
0.75 
1.25 
13.0 
20.3 
16.8 
22.8 
18.3 
Amount dissolved 
Arsenic 
0.00 
0.00 
0.50 
0.00 
0.00 
0.75 
0.00 
0.00 
0.00 
0.00 
0.00 
0.75 
1.38 
0.63 
1.13 
1.10 
in mg 
Silicon 
0.23 
0.27 
0.38 
0.15 
0.18 
0.20 
0.00 
0.00 
0.00 
0.00 
0.00 
0.43 
0.69 
0.58 
0.84 
0.69 
 
 
 
 
 
  
 
 
 
10 
TABLE - 5 
EFFECT OF TEMPERATURE ON lOM EXCHANGE CAPACITY OF ANTINONY(V) 
PHOSPHATE CATION EXCHANGER ON HEATING FOR 1 HOUR 
SI. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
Temperature 
CC) 
45 
100 
200 
400 
600 
800 
Na -ion 
exchange 
capacity 
(meg/dry gm) 
2.05 
2.05 
1.90 
1.00 
0.80 
0.18 
% Retention 
of i.e.c. 
100 
100 
92.7 
48.8 
39.0 
8.80 
Appearance 
(colour) 
Colourless 
Blackish wh: 
Blakish whl' 
Yellow 
Dark yellow 
Light yellov 
 
 
 
 
 
  
 
 
 
11 
TABLE - 6 
EFFECT OF TEMPERATURE ON ION EXCHANGE CAPACITY OF ANTIMONY(V) 
ARSENOSILICATB CATION EXCHANGER ON HEATING FOR 1 HOUR 
SI. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
Temperature 
(°C) 
45 
100 
200 
400 
600 
800 
Na -ion 
exchange 
capacity 
(meq/dry gm) 
1.62 
1.54 
1.34 
1.30 
1.04 
1.00 
% 
of 
Retention 
i.e.c. 
100 
95 
83 
80 
64 
62 
Appearance 
(colour) 
White 
White 
White 
White 
White 
Yellow 
Note; On heating the material on 400 and 80000 for 4 hours 
the i.e.c. were found to be 1.18 and 0.56 respectively. 
The colour changed to dirty yellow. 
 
 
 
 
 
  
 
 
 
12 
H 
9 
<U - P 
E C 
r^  3 
O H 
> « 
C 
iH (0 
H 9 
O 
u ^ 
U dO 
+» 
C "O —* 3 c en 
6 0 ^ 
S M-l -^ 
+» -O -^ 
C 0) tn 
o nj 
e 0 - -
c: 
o 
• P <U 
n) > 
U 0) 
Id -H 
ax: 
•H 0 
M Z 
o 
t^  
o 
t« 
o 
't 
o 
vo 
o 
r« 
o 
in 
o 
^ 
o 
tr> 
o 
r* 
o 
in 
o 
•«* 
o 
in 
n 
^ O 
O 2 
-H ^ 
u » B Z 
s s 
iH iH 
Tf 
o fH 
o 
s 
£ 
r-l 
fO 
O 
z ^
 
» 
z 
s 
l-l 
n 
•«»• O 
O Z 
f-i ^ 
u s 
s z 
s s 
iH r-l 
n 
^ O 
O Z 
i-» I* 
u « 
s z 
s s: 
iH iH 
^ 
o iH 
u X 
s 
rH 
•* 
o l-l 
u 
s 
s 
<N 
^ 
o »H 
u K 
s 
iH 
^ 
o iH 
u 
a: 
s 
rg 
i n in 
(N O o^  o \ IN 
I 
O 
+ 
O 
+ 
I I 
CM 
I 
n in 
r^  o 
00 i n 
a\ o 
o vo 
n 00 
o in 
C4 in 
I 
en 
£ 
04 
I 
0 
<u 
I 
en 
£ 
H 
4) 
b 
I 
H 
H 
ro 
H 
H 
I 
M 
H 
tn 
£ 
CTl 
I I 
cn 
6 
«H 
^ 
r* 
vo 
CM 
XI 
cu 
rH 
VO 
•H 
VO 
rH 
R> 
a 
r-l 
00 
t>» 
O 
A 
04 
rH 
VO 
r-l 
VO 
D> 
£ 
rH 
^ 
r^  
vo 
CM 
0) 
b 
vo 
rH 
VO 
cn in 
m 
<Q 
rH 
00 
P« 
o 
iH 
0) 
t^ 
vo 
rH 
VO 
n in 
en 
s 
rH 
'T 
r-
vo 
N 
rH 
< 
^ 
rg 
<T» 
t^  
CM 
<0 
CO 
rH 
00 
r» 
o 
rA 
< 
^ 
CM 
<T> 
r-CM 
D> 
B 
a\ 
^ 
Xi 
04 
r-
<d 
CQ 
r^  
Xi 
04 
r^  
0» 
£ 
CT\ 
•^  
(U 
b 
O 
in 
10 
m 
r^  
0) 
b 
o 
in 
cn 
S 
o> 
^ 
ft 
< 
a\ 
(N 
(0 
P3 
r-
rH 
< 
a\ 
CM 
00 00 CO d 00 n 
m i n r^ CO CT> 00 
o i n CM CM o CM 
H 
< 
I 
H 
M 
CM n in vo 
 
 
 
 
 
  
 
 
 
13 
oo 
H 
H 
H 
to 
o 
0-5 
(U -U 
E C 
3 W 
iH D 
0 rH 
> 0) 
0) 
n 
D 
•p 
c 
10 
a 
U 
0 
M 
H 
•O 
c 
3 
O 
0 ^ 
•a 
a 
T3 
o 
rH 
•p cr> 
§=^ 
0 w 
0 
•H ro 
•P 
(0 
^ 
n) 
(U 
> 0) 
• H 
Q4i: 
0) (n 
• 
i H 
CO 
o 10 
« 
0 
z 
o 
n 
o 
in 
en n 
O O 
Z Z 
O O 
m 
I + 
u 
(0 
03 
CN 
• 
in 
n 
U 
00 
00 
<N 
in 
U 
o 
CM 
o 
U 
o 
00 
• 
in 
o 
in 
U 
I 
u 
O 
in 
o 
in 
U 
n 
O 
Z 
s 
o 
o in 
+ 
c 
s 
•»—» 
rH 
n 
• 00 
<n 
n 
•O 
U 
^ O M ' 
O 
n 
• i H 
i r 
lA 
in 
o 
« 
CM 
U 
O 
CM 
• 
00 
•a 
u 
I 
c 
CM 
 
 
 
 
 
  
 
 
 
14 
TABLE - 9 
SLOPES OF X VERSUS t PLOTS AT DIFFERENT TEMPERATURES 
Migrat ing 
i on 
Mg(II) 
C a ( I I ) 
S r ( I I ) 
B a ( I I ) 
Mn(II) 
CoClI) 
N iClI ) 
C u d I ) 
Cd(II ) 
P b ( I I ) 
25»C 
5 .88 
5 .33 
3 . 3 3 
7 .16 
9 .09 
8 .33 
6 .95 
7 .00 
4 .54 
5 .55 
S ( s - 1 ) 
33«»C 
7 .16 
8 . 3 3 
6 .00 
9 .00 
1 2 . 1 2 
1 0 . 0 0 
8 . 8 8 
8 . 3 3 
8 . 5 5 
8 .33 
X 10^ 
50°C 
9 .66 
12 .16 
8 . 3 3 
1 3 . 8 3 
1 4 . 8 1 
12 .50 
1 1 . 9 0 
1 1 . 8 3 
8 . 3 3 
12 .16 
65<>C 
1 6 . 6 6 
15 .66 
11 .66 
16 .66 
1 8 . 5 1 
1 6 . 6 6 
15 .46 
16 .66 
1 1 . 6 6 
16 .66 
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16 
TABLE - 11 
FREUNDLICH ISOTHERM CONSTANTS FOR THE ADSORPTION OF 
CARBOFURAN ON ANTIMONY(V) ARSENOSILICATE CATION EXCHANGER 
AT DIFFERENT TEMPERATURES 
30»C 
K 1/n 
214 1.06 
45«C 
K 1/n 
93.3 0.97 
60«»C 
K 1/n 
42.7 0.88 
 
 
 
 
 
  
 
 
 
17 
TABLE ~ IZ 
VALUES OF VARIOUS THERMODYNAMIC PARAMETERS FOR THE ADSORPTION 
OF CARBOFURAN ON ANTIMONY(V) ARSENOSILICATE CATION EXCHANGER 
AT DIFFERENT TEMPERATURES 
Thermodynamic 
parameters 
30°C 
45°C 
60°C 
Ko 
106 
94 
85 
AG«» 
(kCal/mol) 
-2.79 
-2.81 
-2.93 
ZiS° 
(kCal/mol/deg) 
4.39 X lO"-' 
4.32 X 10"^ 
4.41 X 10'^ 
A H » (kCal/mol) = - 1.46 
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CHAPTER - 1 
GENERAL INTRODUCTION 
 
 
 
 
 
  
 
 
 
Chromatography is one of the most versatile 
analytical techniques for the separation of substances in 
which the components to be separated are distributed between 
two phases, stationary and mobile. The technique was first 
practised by a Russian botanist Michael Tswett (1) in 1906 
for the separation of various leaf pigments. The stationary 
phase in chromatography may be either a solid or a liquid, 
and mobile phase may be a liquid or a gas. Thus, depending 
upon the nature of the two phases chromatography may be 
classified into the four broad categories such as liquid-
solid, liquid-liquid, gas-solid and gas-liquid. Out of them 
liquid-solid chromatography can be considered to be a simple 
technique easily operative under ordinary laboratory 
conditions. The solid stationary phase may be a simply an 
adsorbent or an ion exchange material. In the latter case 
the technique is called "Ion Exchange Chromatography", which 
is. one of the most widely used analytical techniques. With 
the advent of the most modern and sophisticated instruments 
in the technique, it has acquired an unlimited proportion of 
applications. Table 1.1 summarizes the various chromato-
graphic techniques used in analytical chemistry. 
The phenomenon of ion exchange is not of a recent 
origin. The earliest of the references were found in the 
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Holy Bible which establishes Moses' priority who succeeded 
in preparing drinking water from brackish water by an ion 
exchange method (2). Later on, Aristotle stated that 
seawater loses part of its salt content when percolated 
through certain sands (3). A scientific study of this 
process was, however, made only in the middle of the 
nineteenth century when different soil samples were 
investigated (4,5) and the ion exchange properties of 
zeolites were explored (6). Harms and Rumpler (7) 
synthesized the first aluminosilicate based ion exchangers 
in 1903, while Follin and Bell (8) first applied a synthetic 
zeolite for the collection and separation of ammonia from 
urine. The industrial production and technical applications 
of ion exchangers were first studied by Cans (9). A more 
significant development took place in 1935 when Adams and 
Holmes (10) discovered that some synthetic high molecular 
weight organic polymers containing a large number of ionic 
functional groups, could be employed as ion exchangers. 
Table 1.2 summarizes the various stages of the development 
of ion exchangers and sorbents. 
Depending upon the ability of the material to 
exchange cations or anions it is called a "cation exchanger" 
or an "anion exchanger". It consists of a matrix carrying a 
negative (cation exchanger) or a positive charge (anion 
 
 
 
 
 
  
 
 
 
TABLE - 1.2 
PERIODS OF DEVELOPMENT OF ION EXCHANGERS AND SORBENTS 
Period Developments 
Upto 1850 First experimental observations and information. 
The principle of ion exchange has not yet been 
discovered. 
1850-1905 Discovery of the principles of ion exchange and 
the first experiments in the technical utiliza-
tion of ion exchangers. 
1905-1935 Use of inorganic ion exchange sorbents and 
modified natural organic materials. 
1935-1940 Rapid development of organic materials. 
Inorganic ion-exchange sorbents were almost 
completely eliminated from all applications. 
1940 - todate Continued rapid development of artificial 
organic ion exchangers and a renaissance in 
inorganic ion-exchange sorbents and their 
practical application. 
 
 
 
 
 
  
 
 
 
exchanger). The oppositely charged ions, called "counter 
ions"/ compensate this charge. Some materials possess both 
the cation exchange and anion exchange properties. They are 
termed as "amphoteric ion exchangers". The matrix is a 
highly polymerized crosslinked hydrocarbon containing 
ionizable groups. The frame work of an ion exchanger may be 
compared to a sponge with counter ions floating in the 
pores. 
In a true ion exchange process the exchange of ions 
takes place stiochiometrically between the two immiscible 
phases, stationary and mobile. Ion exchangers are generally 
the insoluble materials. Some liquid ion exchangers are also 
known. A typical ion exchange reaction may be represented as 
follows: 
AX. + B(aq) , BX + A(aq) (1.1) 
where A and B are the co-ions and counter ions respectively, 
and X is the structural unit of the ion exchanger. Bar 
indicates the exchanger phase and 'aq' means that the 
electrolyte is in the aqueous phase. 
The fundamental principles underlying an ion 
exchange process are based on a few simple facts summarized 
below: 
1. Equivalence of exchange. 
 
 
 
 
 
  
 
 
 
2. Selectivety or affinity preferences of the exchanger 
for one ion relative to another including cases in 
which the differing affinities of the ions are modified 
by the use of complexing or chelating agents. 
3. Donnan exclusion - the ability of the resin to exclude 
ions under most conditions but not the undissociated 
substances I in general. 
4. Screening effect - the inability of very large ions or 
polymers to be absorved to an appreciable extent. 
5. Differences in migration rates of absorbed substances 
down a column-primarily a reflection of differences in 
affinity. 
6. Ionic mobility restricted to the exchangeable ions and 
counter ions only. 
7. Miscellaneous - swelling, surface area and other 
mechanical properties. 
The selectivity of an ion exchanger is affected by 
the nature of its functional group and by the degree of its 
crosslinking. Exchangers containing weakly acidic and weakly 
basic groups are highly selective towards hydrogen and 
hydroxy1 ions. Ion exchangers containing groups which are 
capable of complex formation with some particular ions, will 
absorb these ions more strongly. If the degree of 
crosslinking increases the exchanger becomes more selective 
 
 
 
 
 
  
 
 
 
in its behaviour towards ions of different sizes. An 
increase in crosslinking also decreases the swelling of the 
exchanger. 
An ion exchanger may be organic or inorganic 
depending upon the nature of the matrix of which it is made 
up. Although inorganic materials were first to be recognized 
they lost their utility after the discovery of organic 
resins. However, a revival of the interest in these 
materials took place in the middle of this century, because 
of their use in the field of nuclear research. At that time 
there was a need of some new materials which may be stable 
at high temperatures and in the presence of high radiations. 
Organic resins were not found to be suitable under these 
conditions. Oxides, hydrated oxides and the insoluble salts 
of polyvalent metals drew more attention in this regard 
(11-14). Since the matrix in inorganic ion exchangers is 
reactive in nature the selectivity for different metal ions 
is governed by both the adsorption characteristics of the 
matrix and the ion exchange properties of the ionogenic 
groups. 
Inorganic ion exchangers can be classified into 14 
principal categories as suggested by Clearfield. Table 1.3 
summarizes these types with examples and exchange capacities. 
Most of these materials possess the following qualities, to 
be practically useful: 
 
 
 
 
 
  
 
 
 
8 
1. They are virtually insoluble within a reasonably wide 
range of pH. 
2. They have appreciably good ion exchange capacity. 
3. They show rapid sorption and elution behaviour. 
4. They show resistance to attrition. 
5. It is always easy to prepare them so that the minor 
changes in the method or material used for their 
preparation do not cause major changes in their 
performance. 
6. They have high selectivity for certain metal ions. 
Last 30 years have seen a great upsurge in the 
researches on inorganic ion exchangers, the main emphasis 
being given on the synthesis and characterization of 
chemically stable materials reproducible in ion exchange 
behaviour. Important advances in this field have been 
reviewed by a number of workers at the various stages of its 
development like Fuller (15), Qureshi et al. (16), Vesely 
and Pekarek (17,18), Clearfield et al. (19,20), Abe et al. 
(21,22) and Alberti et al. (23). Besides, the books 
(14,24,25) published in this field, have provided a long 
term picture of this field. Dyer has dealt with the theories 
involved in zeolite molecular sieves (26,27), which have a 
direct relevance to the principles underlying the inorganic 
ion exchangers. 
Ion exchange being a widespred phenomenon in 
inorganic chemistry, new compounds exhibiting ion exchange 
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11 
behaviour are being synthesized at a rapid rate. In addition, 
tight three dimensional frameworks may be induced to 
exchange cations at elevated temperatures. These phenomena 
may be used to synthesize new compounds and to design 
materials for conduction and ion transport devices such as 
sensors, fuel cells, and thermoelectric batteries. Ion 
exchange processes may also prove useful in catalyst 
development and preparation of crystals with interesting 
optical properties. These are some of the solid state 
application of these materials. 
The ultimate aim of an analytical chemist in the 
synthesis and characterization of any material is to explore 
its analytical applications. Inorganic ion exchange 
materials have proved useful in this aspect. They are 
extensively used for the separation and concentration of 
radio isotopes. They can also be used for the separation of 
alkali metals as they generally have a more favourable 
selectivity for these metal ions as compared to the organic 
resins. Some inorganic ion exchange materials have been 
found to have selective affinity for a specific metal ion 
under suitable conditions and hence can be used for its 
isolation from a sample containing several different metal 
ions. For example. Titanium Vanadate (28) is highly 
2+ 
selective for Sr ions. Titanium(IV)-molybdate (29) has 
been found selective for Pb "*", Ba^ "*" and Ti^ "*" ions and has 
 
 
 
 
 
  
 
 
 
12 
been succesfully used for their separations from binary and 
tenary mixtures. Titanium tungstate (30) has shown a high 
2+ 
selectivity for Ca ions and, therefore, has been used for 
their separation from other alkaline earth elements. The 
increased sensitivity of thorium molybdate (31) for Fe 
ions has similarly been utilized for separation of Fe 
from binary mixtures. Ferric phosphate (32) has been used 
analytically for the separation of Th or Pb from Hg , 
2+ 2+ 2+ 2+ Zn , Sr , Mn and Ni . Similarly ferric selenite is 
2+ 
sufficiently selective for the separation of Pb from a 
number of other metals. Important separations have also 
been carried out from the mixtures of ions using paper 
chromatography, electrochromatography and thin layer 
chromatography, using these materials as impregnants 
(33,34). Thus, a large number of both amorphous and 
crystalline inorganic ion exchange materials have come into 
existence, which have known selectivities for certain metal 
ions,, as summarized in Table 1.4. Electron exchange 
phenomenon has also been observed in some of these 
materials, such as zirconium(IV) molybdate and tungstate. 
They are reduced by SnCl2 solution to the products that 
probably contain trivalent tungsten. The reduced form of 
the sorbent produced can be reoxidized e.g. using V (V), 
Fe(III) Ce(IV) or H2O2 solutions. 
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Although the promising nature of inorganic ion 
exchangers has been proved beyond doubt in analytical 
chemistry, their main drawback has been the lack of rigorous 
testing for the analysis of real samples. In most of the 
works only simple binary and ternary separations have been 
tried and achieved at the laboratory level which is mainly 
of academic interest. Recently, some attempts have been 
reported in the literature in this direction. Zirconium(IV) 
and titanium(IV) arsenophosphates (248) and zirconium(IV) 
arsenosilicate (249,250) have been used for the analysis of 
alloys and rocks. Such materials have also been utilized 
for the separation of metal ions from some antacid drugs 
(251) and multivitamin-multimineral formulations (252). 
Chelating ion exchangers have been development recently 
(25 3,254) and their analytical applications explored. A PAN 
sorbed zinc silicate (255) has been used for the recovery of 
4+ 3+ precious metal ions such as Pt and Au . Also, a method 
has been development for the recovery of silver from 
laboratory wastes (256). A fiber-supported zirconium oxide 
has been used for the adsorption of phosphate ion (257). 
Calcium carbonates and apatites have been used for the 
removal of the toxic ions (258,259). Zeolites have been 
utilized for the removal of lead pollutants from the 
effluants (260). Cobalt and other metal ions have been 
extracted from aqueous solution using inorganic ion 
exchangers (261). Similarly, the sorption studies of 
radionuclides have been made on lathanum silicate (262) and 
 
 
 
 
 
  
 
 
 
34 
an ion exchange method has been developed 
for the selective determination of cadmium using antimony(V) 
phosphate beads (263). Clearfield has summarized the use of 
inorganic ion exchange materials for the nuclear waste 
effluents treatment (264). 
Detection and determination of metal ions is another 
novel aspect of analytical chemistry. Inorganic ion 
exchangers have found applications in this field too. For 
instance, a complexo-ion-exchange method has been developed 
for the specific detection of iron on zirconium(IV) 
arsenophosphate (265) beads. Similarly, a selective 
detection method for Fe(III) and Mo(IV) has been developed 
on antimony(V) silicate beads (266). 
Adsorption behaviour of inorganic ion exchangers for 
pesticides in another interesting aspect of study which has 
so far been lacking. The adsorption of pesticides on soils 
is affected by the presence of metal ions as they have an 
important role in modifying its nutritional value. Inorganic 
materials possessing ion exchange properties are known to be 
selective for various metal ions and hence their presence in 
soil may have some far reaching consequences for its more 
judicious use in field crops. An attempt has been made in 
this direction by studying the adsorpton of carbonfuran on 
antimony(V) silicate (267). This study has indicated a 
highly enhanced adsorption of carbofuran on antimony(V) 
silicate as compared to soil. It may be true for other 
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materials of this class too. Thus, inorganic ion exchangers 
have multiphase applications. They can also be utilized as 
impregnants on papers and glass plates in planar 
chromatography. Further, they can be used as ion selective 
electrodes and as packing materials in ion chromatography in 
the environmental analysis. 
The protection of the environment and health 
protection require the strict limits of the concentration of 
the heavy metals and radioisotopes in the hydrosphere. The 
analyst must often determine the studied elements that are 
highly diluted in large volume of water or in air. It is 
often necessary to treat a large amount of sea or river 
water or complex industrial effluents with high salt 
contents. The use of suitable inorganic ion exchange 
material with high selectivety for studied elements often 
facilitates their concentration and separation which is 
necessary for a successful determination. It is necessary to 
explore materials with suitable sorption property, high 
selectivity and chemical and mechanical stability. Inorganic 
ion exchange materials can serve the purpose in this 
direction. 
The use of ion exchange in medicine and 
pharmaceutical industries is a unique and fascinating aspect 
of ion-exchange technology. This is true not only because of 
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the importance of the medical field, but also because these 
applications utilize many unusual facets of ion exchange 
technology. This aspect of ion exchange is not new. Ion 
exchange materials were used in medicine for many years 
prior to the synthesis of the modern ion exchange resins in 
1940. Alumina, kaolin, clays, bentonite, pectin, alginic 
acid, etc. have been used for over a century as 
pharmaceuticals and as pharmaceutical processing agents, it 
is, therefore, understandable why the introduction of 
synthetic ion exchange resins and polymeric adsorbents has 
stimulated considerable interest in medical science 
throughout the world. 
If one critically analyzes the many facets of the 
role of ion exchange in the field of medicine and 
pharmaceutical industry, several discrete areas become 
apparent. These may be classified as follows: 
(1) Processing of pharmaceutical agents. 
(2) Use of ion exchangers as pharmaceutical agents. 
(3) Use of ion exchangers in pharamaceutical formulations. 
(4) Use of ion exchangers and related materials as 
artifical organs and for blood treatment. 
(5) Analytical and diagnostic uses of ion exchange in 
medicine. 
In many respects, the role of ion exchange and 
adsorption (a related technology) in the processing of 
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pharmaceuticals and other biological agents is similar to 
that of ion exchange throughout the chemical processing 
industry. These processes are used for the separation, 
concentration, and purification of various chemicals. Thus, 
ion exchange technique has become an indispensable tool to 
the pharmaceutical industry. ^ 
The systems of Indian Medicine has been a part of 
society since its inception. These systems are based on 
sound scientific principles. However, the introduction of 
allopathic system of medicine by Britishers and state 
patronage provided relegated this highly developed science 
generated indigenously into background. Still since the 
roots were deep and indigenous medicines were used by masses 
the system servived and due to efforts made by the 
Government agencies after independence Indian system of 
medicine started regaining its past glory. Educational 
institutions and research councils were established. These 
councils are responsible to initiate, guide and coordinate 
scientific researches in fundamental and applied aspects of 
these systems of medicine. Efforts have also been directed 
to cultivate and make available good quality herbs and raw 
materials for the manufacture of quality medicines of Indian 
systems of medicine. 
To standardize preparations pharmacopoeia committees 
have been established. Formularies have been prepared and 
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are being prepared. Pharmacopocial laboratory for Indian 
system of medicine was established in 1968 with an assigned 
task to develop test for single group and compound 
formulations. A new chapter has been introduced in the drugs 
and Consmetic Act 1940 to cover drug control on Ayurvedic, 
Unani and Siddha drugs with a view to make available genuine 
medicines to consumers. As per these provisions (268) no 
person shall himself or by any other person on his behalf 
can manufacture or sell any Ayurvedic, Unani or Siddha drugs 
(a) except under prescribed hygienic conditions, 
(b) except under the supervision of a person having the 
prescribed qualifications, 
(c) except under and in accordance with the conditions of a 
licence issued for such purpose under this chapter, 
(d) unless the raw materials used is the preparation of 
such drug are genuine and are properly identified, 
(e) unless such drug is labelled with the true list of all 
the ingredients contained in it and with such other 
particulars as may be prescribed, and 
(f) in contravention of any of the provisions of this 
chapter or any rule made thereunder. 
Provided further that nothing in clauses (a), (b) 
and (c) shall apply to manufacture, subject to prescribed 
conditions, of small quantities of any such drug for the 
purpose of examinations test, or analysis; 
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Provided that nothing in this section shall apply to 
Vaidyas and Hakims who manufacture such drugs for the use of 
their own patients. 
Most of the State Governments have appointed Drug 
Controllers for Indian system of medicine and provisions of 
this Act are being implemented and licence for manufacturing 
drugs of Indian system of medicine is being given to those 
only who fulfil the required conditions. 
One of the most serious drawbackes with the 
traditional system of drugs is that there are no standard 
methods for their quality control criteria. Therefore, it is 
not possible to ensure reprocessing of the drugs from batch 
to batch. One factor which is often considered to stand 
against standardization of these drugs is that there are 
crude extracts and are a mixture of a number of plants. 
However, some methods like bioassay and use of modern 
instrumentations have been helpful in identifying the 
activity in indigenous products and compare them. The 
efforts in this direction too have been limited and such 
methods are applicable only to a few preparations. This is 
because each medicine from Indian system of medicine which 
is usually a mixture of several herbal and/or inorganic 
components, presents a wide spectrum of organic and 
inorganic chemical compounds despensed together. This has 
not only hampered the progress in the direction of making 
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indigenous system more acceptable to the health care system 
of the nation but has deprived the society with some of the 
drugs from traditional system which could provide better 
medical relief at a comparatively low cost. 
According to Charak Samhita (269) the knowledge is 
gained through Pratyaksha (direct observation), Anumanal 
Inference, Induction, Deduction, Aptupadesha (Authoritative 
testimony should be verified by exprimentation) and Yukti 
(reasoning to arrive at correct judgement or conclusion). 
These principles could be the best testimony for any 
scientific investigation. However, it appears that with the 
passage of time these principles, although applied for 
diagnosis of the disease are seldom applied for testing the 
authenticity and efficacy of Ayurvedic formulations. May be 
the knowledge for testing drugs which had existed before the 
christian era has been lost with the passage of time. 
However, in view of the usage of the group of the 
Indian system of medicine it is essential to not only update 
technology for their production but also devise methods for 
their testing and ensure quality control. 
Iron deficiency is the most common cause of 
nutritional anaemia in man. When severe, it results in a 
characteristic microcytic hypoderomic anemia secondary to a 
reduction in haemoglobin synthesis. Iron is used by 
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Ayurvedic physicians through prederistian era as Lohasav or 
Loh Bhasm. 
Anaemia is a condition of the blood in which there 
are qualitative and quantitative changes in the red cells 
(erythrocytes) and haemoglobin in the circulating blood and 
bone marrow or reduction in the total mount of blood (270). 
It may result from a variety of causes operating singly or 
in combination. The clinical and morphological features vary 
in different types of Anaemia. Certain features are, 
however, common to all anaemias and are related to the 
compensatory mechanisms that attempt to counteract the 
reduced oxygen carrying capacity of the blood, e.g. lowering 
of oxygen affinity of hemoglobin, redistribution of blood 
from non-vital areas (cutaneous tissues and kidneys) to 
vital organs (heart, brain and muscles), increase in cardiac 
output, increased erythropoietic activity in hypercellular 
bone marrow etc. (271). The blood is known to be composed of 
at least 77 elements (272). A survey of literature revealed 
that at least 18 elements (Al, As, C, Ca, Cd, Co, Cu, F, Fe, 
Ge, Mg, Mo, Ni, 0, Pb, S, Se and Zn) influence anaemias. Of 
these Fe has the most important role in this disease. 
After the synthesis and characterization of an ion 
exchanger it is important to understand the processes going 
on its surface. For this theoretical aspects are to be 
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studied such as the thermodynamic and kinetic which are the 
basic approaches in this direction. Thermodynamics tells us 
about the possibility of any process to occur while kinetics 
deals with the rate of the reaction. For a thermodynamic 
study equilibrium is the basic criterion for a system. Ion 
exchange equilibria may be described by two theoretical 
approaches: 
(a) based on the law of mass action, and 
(b) based on the Donnan theory. 
From the theoretical point of view the Donnan theory 
has an advantage of permitting a more elegant interpretation 
of the thermodynamic behaviour in an ion exchanger. However, 
from the practical point of view the mass action approach is 
simpler. Many workers have studied the thermodynamics of 
cation exchange on zirconium(IV) phosphate (273-276). 
Nancollas and co-workers (277,278) have interpreted the 
thermodynamical functions in therms of the binding nature 
between alkali metals and ion-exchange matrix. The 
ion-exchange equilibria of Li(I), Na(I) and K(I) on 
zirconium(IV) phosphate have also been studied by larsen and 
Vissers (279) who calculated the equilibrium constants and 
other thermodynamical parameters viz. ZiG , /::^H and ^ S . 
Similar studies have been made on anion-exchangers also 
(280). Attempts to derive free energies, enthalpies and 
entropies of exchange for the bivalent metal ions, i.e. 
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Ca(II), Sr(II), Ba(II) and Mg(II) on the hydrogen form of 
antimony(V) silicate and zirconium(IV) phosphate have also 
been made in these laboratories (281-283). It is worthwhile 
to discuss here the theoretical aspects of thermodynamics: 
Consider a general ion exchange reaction-
R ^ + B"" , R-B+ + A"" ...(1.2) 
where R stands for the ion-exchange matrix and A and B 
are the exchanging species. Barried quantities represent the 
exchanger phase. The thermodynamic equilibrium constant for 
the reaction represented by equation (1.2) is 
a^+ ag+ 
V ^ * ... VJ-.J) 
a,+ and a_+ are the activities of these ions in the exchange 
medium, which could be aqueous, a variety of mixed and non-
aqueous solvents, or a fused salt bath. Activity coefficients 
for the ions in the exchanging medium are generally known or 
can be readily determined, where activity coefficients for 
the ions in the exchanger phase are not known. However, by 
following the procedure of Gains and Thomas (284) we can 
obtain K_ from the exchange isotherms. 
K^ = K^ (fg+ / f^+) ... (1.4) 
where 
K = ^ -^ ... (1.5) 
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K_ is the rational selectivity constant, and f-+ and f_,+ are R A B 
the activity coefficients of the ions in exchanger phase. 
Gains and Thomas showed that (neglecting any solvent 
transfer) 
1 
Log K^ = 1 Log K^ dXg+ ... (1.6) 
0 
Thus, by plotting Log K„ as a function of X + over the entire 
composition range from RA to RB, one may determine the value 
of K from the area under the curve. 
This treatment, while extremely useful, gives us 
little insight into the exchange process itself. Therefore, 
non-thermodynamically rigorous models have been developed to 
provide the required understanding. For our purpose the most 
useful model is that given by Eisenman (285). 
Suppose a monovalent ion is to be taken from the 
bulk of a dilute solution and brought into contact with the 
fixed ionic grouping (of opposite change) of the ion-
exchanger. Two types of interaction energies are involved in 
such a change: (i) the electrostatic interaction between the 
fixed grouping and the counter ions (the exchanging ions) and 
(ii) the free energies involved in the changes in hydration 
of the counter ions and the fixed grouping. 
Eisenman treated the fixed grouping and the counter 
ions as being point charges each at the center of an 
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incompressible sphere. If the fixed grouping is anionic with 
a radius, r-, then the electrostatic energy arising from its 
interaction with a cation A of radius r-+ is 
e2 
'^f + '^ A^  
where e is the electronic charge. Similarly, the interaction 
of the fixed grouping with cation B would give rise to the 
electrostatic energy-
e2 
rf-+ rB+ 
and the change in free energy { AG°) for the exchange 
reaction, equation (1.2) is then-
2 2 
o e e 
AGp = — Z ^ 1 — ... (1.7) 
Eisenman assumed that the free energy changes 
resulting from changes in hydration are closely related to 
the standard free energies of hydration of the ionic groups. 
Thus, the free energy change due to hydration changes 
occurring when B is brought from the solution into the 
exchanger is AG-: + AG +, where AG? and A G + are the 
free energies of hydration of the fixed group and cation 
respectively. Similarly, when cation A leaves the exchanger 
and enters the solution the free energy change due to 
hydration effects is - (AGs + AG- + ). Thus, the net free 
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energy change for hydration (assuming no hydration change 
inside the exchanger) is-
Z^GJ = AGB+ - AG;^ + = - (AG^+ - AGB+) ••• (1-8) 
and the free energy change for the reaction is-
2 2 
^ G B / A = ( ) - (^GA+ - A G B + ) ..• (1.9) 
^f" + A^-" ^f"+ ^B+ 
The equilibrium constant for the exchange reaction 
is related to this free energy by 
A G B / A = - RT In K,p ... (1.10) 
Thus, from a knowledge of ionic radii and free energies of 
hydration, Eisenman was able to calculate selectivities for 
alkali metal cations as a function of r-. It was necessary 
to make assumptions as to whether the negative charges on 
the exchanger fixed groups are concentrated at single-atom 
sites (strong field) or distributed among several atoms 
(weak field). Eisenman's calculations predicted 11 possible 
sequences for alkali metal ions and showed how selectivity 
reversal arises. The theory was highly successful in 
predicting the selectivities of glasses as a function of 
their composition (which determined the nature of the fixed 
ionic groups). This in turn proved to be of great value in 
the theory of glass electrode behaviour (286). 
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The general agreement between the theoretical 
predictions and experimental results indicates that 
Eisenman's theory is basically sound. In applying the theory 
to a broad spectrum of ion-exchange materials, it is 
reasonable to expect that additional factors peculiar to 
individual ion-exchange systems, particularly biological 
systems, may have to be introduced. Before this can be done 
with any certainty it is essential to develop, in more 
precise terms, the role played by coulombic interactions and 
hydration effects. In addition, the magnitude of the 
coulombic effect has not been measured directly and 
therefore is not known with precision. However, Clearfield 
et al. (287) were able to determine, from gas-solid 
reactions involving exchange reactions of the type-
Zr(NaP04)2 "^  ^ "^^^g ^ Zr(HP04)2+ ^ ^^^^ " ^^'^^^ 
that indeed the electrostatic effect predicted the correct 
selectivity sequence. No hydration effects were involved in 
these reactions. 
If now we substitute a fused-salt medium for the 
aqueous electrolyte solution, then the hydration effect must 
be replaced by one entailing the coordination of the mobile 
cations in the fused salt. As a first assumption we consider 
that the cations are surrounded by anions much as in their 
crystal lattice. Therefore, a good approximation is to use 
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lattice energies modified by using an average first-shell 
coordination number rather than the Modelung constant. For 
two ions with the same charge and coordination number, the 
smaller ion would require more energy to give up its 
position in the melt than would be supplied by incoming 
large ion. Thus, qualitatively fused-salt behaviour is 
similar to that of aqueous electrolytes and the selectivity 
sequence would depend upon the relative magnitude of the 
electrostatic and fused-salt coordination effects. 
Free energies, whether theoretically estimated or 
obtained experimentally, serve as a guide to the extent of 
exchange. Even if the free energy is unfavourable, an 
appreciable amount of exchange may still be possible by 
increasing the concentration of the ingoing ions to large 
values or removing the outgoing ions by volatilization or 
precipitation. Elevation of temperature may also change the 
free energy in a negative direction, thereby increasing the 
extent of exchange. This change can be very large in the 
case of inorganic exchangers since many of them do not 
decompose up to fairly high temperatures. 
Recently, the adsorption of pesticides on inorganic 
ion exchangers has also been studied in these laboratories 
(267). The study has revealed that the adsorption is higher 
at a lower temperature and that the presence of an ion 
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exchange material in soil greatly enhances its adsorption 
capability for the pesticide (288). 
The kinetic studies of ion exchange were first 
attempted seriously by Nachod and Wood (289). They studied 
the reaction rate with which ions from solution are removed 
by a solid ion-exchanger or conversely the rate with which 
the exchangeable ions are released from the exchanger. Boyd 
et al. (290) studied kinetics of the metal ions upon the 
resin beads and gave a clear understanding about the 
particle and film diffusion phenomena which govern the 
ion-exchange processes. The former is valid at high 
concentrations while the latter at low concentration. The 
kinetics of metal ions on sulphonated polystyrene was 
studied by Reichenberg (291) who again confirmed that at 
high concentrations the rate is independent of the ingoing 
ion (particle diffusion) while at low concentrations the 
reverse is true (film diffusion). 
The rate-determining step in ion-exchange is counter 
diffusion of ions within the solid (292), provided the 
concentration of ingoing ions at the surface is high enough 
and stirring does not allow undue concentrations of the 
outgoing ions to accumulate at the surface of exchanger. 
Under such a condition (292), the fraction of exchange at 
time 't' is given by-
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/(t) . 1 . ^ 6 , / 1 -n-BT 
(oC) 
- <^ > ^  . V" - '^ •"' 
"2 V l 1.2 
2 — 2 — 
where B = 7^  Di/r , Di is the chemical interdiffusion 
coefficient of the exchanging ions, r is the radius of the 
exchanger particles (assumed to be spherical), and F, . is 
the maximum extent of exchange as given by the thermodynamic 
factors discussed above. A small particle size and large 
interdiffusion coefficient favour rapid exchange. England 
et al. (293) have calculated the times required to achieve 
F.^/F/ «=0.95 for spherical particles of 100/ um and range 
of Di. It is seen that facile exchange requires diffusion 
-5 -9 2 
coefficients of the order of 10 - 10 cm /S. However, 
-12 2 
even with diffusion coefficients of 10 cm /S, rapid 
exchange can occur if the particles are small enough (294). 
All diffusion processes require an activation energy, E , to 
overcome the barrier to diffusion. The magnitude of the 
barrier may be obtained by determining Di, as a function of 
temperature since-
Di = Do exp (- ZSEa/kt) ... (1.13) 
In ion-exchange, AEa is the energy required for mixed ion 
or inter ion diffusion to occure. Diffusion coefficients are 
often determined by a self diffusion process. Use of a 
single diffusion coefficient does not introduce a larger 
error if the two ions have approximately similar values of 
Di. However, if they do not, the error can be quite large as 
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seen from the usual expression for the average value of the 
interdiffusion coefficient for ion-exchange (equation 1.14) 
(292)-
5^3. °A°B " A * 'B) ... (1.14) 
2A°A * ^B^B 
Where D, and D„ are self-diffusion coefficients and Z. and Zn A B A ° 
are the respective charges on ions. During an ion-exchange 
reaction the concentration of the two species within the 
exchanger varies, which causes D to change according to 
the expression-
ZACA^A + ZBCBDB 
The above equation appears to hold good not only for organic 
resins but for inorganic exchangers where exchange is 
accompanied by complete solid solution formation. This is 
the case for amorphous exchangers such as particle hydrates. 
However, when exchange is accompanied by a phase change, 
vacancy formation, or in tight structures, where 
interdiffusion is not possible, it is not altogether clear 
that the above description of kinetic factors is applicable. 
Furthermore, single-ion transport and ion-exchange in such 
solids may proceed by different mechanisms (295). More 
detailed studies of both ion-exchange and conduction as a 
function of structural changes are required. Factors such as 
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those described by England et al. need to be considered. 
It is clear from the above that the field of 
inorganic ion exchangers has a great promise in future, 
although it has grown up to a great extent during the last 
almost four decades. Environmental analysis is still of 
great concern to the scientists and it is important to 
explore the possibility of using these materials in this 
area. Separation of heavy metal ions and analysis of 
pharmaceutical products are the two important aspects in 
this regard. Hence, it was thought worthwhile to synthesize 
some new materials possessing ion exchange properties and 
then to utilize the same in the separation of metal ions 
and the analysis of some drug samples. The main emphasis was 
made on the ayurvedic drugs particularly the ones containing 
iron because the ion exchange material prepared during these 
studies has shown high selectivity for iron. The thesis 
thus, comprises of the following aspects of study. 
1. Synthesis and characterization of some new inorganic 
ion exchangers. 
2. Thermodynamic and kinetic studies on these materials to 
understand their ion exchange behaviour for metal ions 
and pesticides. 
3. Analytical applications of these materials for the 
separation of metal ions and in the determination of 
iron in ayurvedic and allopathic drugs. 
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CHAPTER - 2 
SYNTHESIS, CHARACTERIZATION AND ANALYTICAL APPLICATIONS 
OF ANTIMONY(V) ARSENOSILICATE AND A LEAD SELECTIVE 
PHASE OF ANTIMONY(V) PHOSPHATE CATION EXCHANGERS 
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INTRODUCTION 
Antimony based inorganic ion exdiangers are generally 
known to have a greater chemical and thermal stability and 
better selectivity for metal ions as compared to the other 
materials of this class (1, 2). Although a fairly good 
number of these materials have been synthesized, there is 
still a need to obtain some new ones possessing good 
ion-exchange capacity, reproducible behaviour, regeneration 
power, stability and selectivity for metal ions important 
from the enviornmental point of view. 
Antimony (V) phosphate prepared earlier in these 
laboratories (3) was found to be selective for Cd(II) and 
Hg(II). A new phase of this material has been prepared 
during these studies by altering certain factors in its 
preparation method. The new phase now shows a very high 
selectivity for lead, a chief pollutant in the environment. 
The common sources of lead poisoning are the industries, 
mining, plumbing, coal and gasoline. About ninety percent 
of lead present in the atmosphere comes from the petrol 
fumes. Its accumulation in the body leads to the poisoning 
and produces chronic illness characterized by severe 
anaemia and changes in the kidneys and arteries. 
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A new cation exchanger, antimony (V) arsenosilicate, 
has also been prepared during these studies, as it was 
generally found that a double salt is more stable both 
chemically and thermally as compared to the single salts 
(4, 5). This material was selected because silicates and 
arsenates (6, 7) have, earlier, shown promising ion 
exchange characteristics. 
Thus, the following pages summarize the synthesis, 
characterization and analytical applications of two ion 
exchange materials, namely antimony (V) phosphate (as a new 
phase) and antimony (V) arsenosilicate, a new cation 
exchanger. 
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EXPERIMENTAL 
Reagents: 
Potassium pyroantimonate [KSb(OH)g] and sodium 
metasilicate [Na^SiO-.5H^0] were obtained from Loba-Chemie 
(India) while sodium arsenate [Na^HAsO..7H_0] was a C.D.H. 
product. Orthophosphoric acid [H^PO.] was obtained from 
Glaxo (India) while other reagents and chemicals were of 
AnalaR grade. 
Apparatus; 
Spectrophotometry was done on a Bousch and Lomb 
spectronic-20 spectrophotometer, while pH metry was 
performed using an Elico model LI-10 pH meter. X-ray 
diffraction studies were made on a Philips X-ray 
diffraction unit with a Mo-K* target and IR studies were 
made on a Perkin Elmer Spectrophotometer model 783. For 
flame photometry a digital Biomed flame photometer model 26 
DF was used while for TGA/DTA a Cahn thermobalance model 
2050 was utilized. A shaker incubator with a temperature 
variation of + 0.5°C was used for all equilibrium 
studies. 
Preparation of the Reagent Solutions; 
Decimolar solutions of sodium metasilicate and sodium 
arsenate were prepared in demineralized water (DMW). A0.05M 
 
 
 
 
 
  
 
 
 
79 
solution of orthophosphoric acid was prepared in DMW 
while potassium pyroantimonate was dissolved in 5.8M HCl to 
obtain its 0.1 M solution. 
Synthesis of the Ion-Exchange Materials; 
(A) Antimony (V) phosphate; 
Antimony (V) phosphate samples were prepared by 
mixing the solutions of potassium pyroantimonate 
(O.IM) and orthophosphoric acid (0.05M) in different 
volume ratios, as given in Table 2.1. The pH of the 
resulting gel was fixed in the range 0-1 by adding 
aqueous ammonia with a constant stirring. The gel 
thus obtained was kept for 24 hours at room 
temperature (*-^  30"C) and filtered by suction. The 
excess acid was removed by washing with DMW and the 
material was dried in an air oven at 45 °C before 
cracking into small granules by immersing in DMW. The 
granules so obtained were of the uniform size 
suitable for column operation. They were converted 
into H - form by treating with IM HNO^ for 24 hours 
with occasional shaking, intermittently replacing 
the supernatant liquid with a fresh acid. The 
material thus obtained was then washed with DMW to 
remove the excess acid before drying finally at 45'»C 
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and sieving to obtain particles of a particular size 
range (50-100 mesh) before further studies. On the 
basis of its ion exchange capacity and apparent 
stability in acids and bases, sample AP-1 was 
selected for all further studies. 
(B) Antimony (V) arsenosilicate; 
Antimony (V) arsenosilicate samples were prepared by 
mixing the solutions of sodium arsenate (O.lM), 
potassium pyroantimonate (O.lM) and sodium 
metasilicate (O.lM) in different volume ratios, as 
given in Table 2.2. The resulting gel was treated as 
per the details given in section-A above to finally 
obtain granules of the uniform size. Sample AAS-2 
was selected for further studies because of its 
better ion exchange capacity and stability in acids 
and bases. 
Ion Exchange Capacity(i.e.c); 
It was determined as usual by the column pro-
cess taking 1 gm of the exchanger (AP-1 or AAS-2) in the 
H - form, in a glass tube of internal diameter (i.d.) 
'-^ l Cm, fitted with the glass wool at its bottom. 250 ml of 
a IM: NaNO- solution was used as eluant maintaining a very 
slow flow rate (v^ -^ 0.5 ml min ). The effluent was titrated 
 
 
 
 
 
  
 
 
 
81 
against a standard alkali solution to find out the total 
H -ions eluted. Table 2.3 summarizes the value of i.e.c. 
for the various metal ions. 
Effect of Eluant Concentration on i.e.c; 
Concentration of the eluant plays in important role 
in leaching out the counter ions from the exchanger bed. To 
find out the optimum concentration for a complete elution 
of H -ions from the AP-1 or AAS-2 columns, a fixed volume 
(250 ml) of NaNO^ solution of varying concentration was 
passed very slowly (^ 0.5 ml min ) through a 1 gm column of 
the exchanger in H - form. The effluent was titrated 
against a standard alkali solution for the H -ions eluted 
out. The results aire summarized in Figures 2.1 and 2.2 and 
Table 2.4. 
Elution Behaviour; 
Since the optimum concentration for a complete 
elution was observed to be 1 M (Figures 2.1, 2.2), a column 
containing 1 gm of the exchanger (AP-1 or AAS-2) was eluted 
with NaNO- solution of this concentration in different 10 
ml fractions with a minimum flow rate as described above. 
This experiment was conducted to find out the minimum 
volume necessary for a complete elution of H'*"-ions, which 
determines the exchange efficiency of the column. Figures 
2.3 and 2.4 show the elution behaviour of the exchanger. 
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TABLE - 2.3 
ION EXCHANGE CAPACITY OF ANTIMONY (V) PHOSPHATE AND 
ANTIMONY (V) ARSENOSILICATE CATION EXCHANGERS FOR 
V7VRI00S METAL IONS 
SI. Metal ion solutions '^°^ exchange capacity 
No. (IM) (meq/dry gm) 
AP-1 AAS-2 
1. LiCl 1.75 1.42 
2. NaNO- 2.05 1.62 
3. KCl 1.80 1.19 
4. Mg(N02)2 1.35 1.32 
5. CadlOj)^ 1-39 2.42 
6. Sr(N03)2 1.46 2.30 
7. BaCl2 1.60 2.20 
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TABLE - 2.4 
EFFECT OF ELUANT CONCENTRATION ON ION EXCHANGE CAPACITY OF 
ANTIMONY (V) PHOSPHATE AND ANTIMONY (V) ARSENOSILICATE 
CATION EXCHANGERS 
SI. Concentration of 
No. NaNO, 
I.E.G. (meq/dry gm) 
AP-1 AAS-2 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
0.2M 
0.4M 
0.6M 
0 . 8 M 
l .OM 
1.2M 
1.44 
1.57 
1.73 
1.84 
2.05 
2.05 
1.36 
1.42 
1.50 
1.54 
1.62 
1.62 
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Fig. 2.1: Concentration plot of antimony(V) phosphate 
cation exchanger. 
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Molar cone, of NaNO. 
Fig. 2.2: Concentration plot of antimony(V) arsenosilicate 
cation exchanger. 
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Fig. 2.3: Histograms showing the elution behaviour of 
antimony(V) phosphate cation exchanger. 
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Fig. 2.4: Histograms showing the elution behaviour of 
antimony(V)arsenosilicate cation exchanger. 
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Thermal Stability; 
It was studied by heating 1 gm samples of the 
material at various temperatures in a muffle furnace and 
determining their i.e.c. after cooling them to the room 
temperature. The results for both the exchangers are shown 
in Tables 2.5 and 2.6. 
Chemical Stability: 
250 mg samples of the exchanger were taken in 25 ml 
each of the different acids, bases and salt solutions of 
varying concentrations for 24 hours with intermittent 
shaking. The supernatant liquid was analysed for antimony, 
arsenic, silicon and phosphorus using the standard methods 
given below with the results summarized in Table 2.7 and 
2.8. 
(a) Determination of antimony; 
Two milliliters of the liquid were mixed with 
1.6 ml of 18 N HjSO^ and 5 ml of the KI reagent (11.2 gm of 
KI + 2 gm of ascorbic acid in 100 ml DMW) . They fellow 
colour so developed was diluted to 10 ml with DMW in a 
standard volumetric flask and the absorbance was measured 
after 2-3 minutes at 425 nm against a reagent blank (8). 
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(b) Determination of arsenic; 
The molybdenum blue method (9) was employed for this 
determination. The reagent solution was prepared by mixing 
10 ml of solution A (1 gm ammonium molybdate dissolved in 
100 ml of 5N UjSO.) with 1 ml of solution B (0.15 gm 
hydrazine sulphate dissolved in 100 ml of DMW) and diluting 
the mixture to 100 ml. This solution was prepared fresh 
daily. Ten milliliters of this reagent were added to the 
sample solution (5 ml) and the mixture was heated on a 
steam bath for 15 minutes. After cooling, it was 
transferred to a 25 ml volumetric flask and diluted upto 
the mark with DMW. The absorbance of this light blue 
solution was read at 850 nm against a reagent blank. 
(c) Determination of silicon; 
Five milliliters of the sample solution were mixed 
with 0.2 ml of a 10% ammonium molybdate solution and 2 
drops of 50% HjSO.. The yellow colour so developed was 
diluted to 10 ml with DMW in a standard volumetric flask 
before taking its absorbance at 420 nm against a reagent 
blank (10). 
(d) Determination of phosphoroqg; 
Ten milliliters of the sample solution were mixed 
with 100 ml of a 0.05 M NaHCO- solution to which was added 
1 teaspoon full of carbon black or animal charcoal. The 
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mixture was shaken for 30 minutes on a mechanical shatoer 
and then filtered through a Whatman No-42 filter paper. 
Fifteen milliliters of the filtrate were taken in a 25 ml. 
volumetric flask, followed by 5 ml of an ammonium molybdate 
solution (1.5 gm ammonium molybdate + 100 ml of 3.2 N 
HCl+5 ml concentrated HCl). One milliliter of a SnCl2 
solution (10 gm SnCl^.2H-0 dissolved in 25 ml of the 
concentrated HCl diluted to 1320 ml with water) was then 
added and the volume was made up to the mark. The 
absorbance was recorded at 660 nm against a reagent blank 
prepared in a similar manner (11). The amount of 
phosphorous was determined by using a standard curve drawn 
as per the same procedure by taking known amounts of 
phosphorous. 
Composition; 
(A) Antimony (V) phosphate; 
Two hundred milligrammes of the powdered ion exchanger 
were dissolved in 10 ml concentrated HCl and the solution 
was diluted with DMW. H2S was then passed through this 
solution to obtain a precipitate which was filtered out. 
The amount of antimony was determined by blasting the 
precipitate at 800°C and weighed as SbjO-. Phosphate was 
determined in the filtrate by the standard method available 
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in the literature (12). The results show a molar ratio for 
Sb and P0-~ as 2:3. 
(B) Antimony (V) arsenosilicate: 
Two hundred milligrammes of the powdered exchanger 
were dissolved in 5 ml solution of 4M HF and the solution 
was evaporated to dryness on a water bath. The residue was 
redissolved in a minimum quantity of DMW by heating, for 5 
minutes. H^S was then passed through this solution to 
obtain a precipitate consisting of the sulphides of 
arsenic and antimony. The filtrate contains silicate which 
was determined as silica (13). The precipitate was treated 
with concentrated HCl which dissolves the antimony part. 
Antimony waS/ therefore determined in the filtrate by the 
method given in Section-A above. The residual part 
contained arsenic which was determined by the Volhard's 
thiocyanate method(14). The molar composition (Sb:As:Si) of 
antimony (V) arsenosilicate was found to be 1.6:1:8. 
pH Titrations; 
They were performed by the batch process using the 
method of Topp and Pepper (15). 500 mg portions of the 
exchanger in H form were taken in each of the several 250 
ml conical flasks followed by the equimolar solutions of 
alkali metal chlorides and their hydroxides in different 
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volume rations, the final volume being kept as 50 ml to 
maintain the ionic strength constant. The pH of the 
solution was recorded after equilibrium, which needed 
approximately 7 days standing at room temperature for 
antimony (V) phosphate and 12 days for antimony (V) 
arsenosilicate, and was plotted against the milli-
equivalents of the oH -ions added. The results are given in 
Figures 2.5 and 2.6. 
IR Studies: 
The IR spectra of antimony (V) phosphate and antimony 
(V) arsenosilicate were taken by the KBr disc method and 
are shown in Figures 2.7 and 2.8. 
Thermal Analysis; 
Figure 2.9 shows the TGA and DTG curves of antimony 
(V) phosphate, the rate of heating being kept at 15.0 
degree/min. Figure 2.10 shows the TGA and DTA curves of 
antimony (V) arsenosilicate. 
X-ray Studies; 
Figures 2.11 shows the X-ray diffraction pattern of 
the antimony (V) arsenosilicate while. Table 2.9 summarizes 
the results of these studies. 
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TABLE - 2.5 
EFFECT OF TEMPERATURE ON ION EXCHANGE CAPACITY OF ANTIMONY(V) 
PHOSPHATE CATION EXCHANGER ON HEATING FOR 1 HOUR 
SI. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
Temperature 
45 
100 
200 
400 
600 
800 
XT + • 
Na -ion 
exchange 
capacity 
(meg/dry gm) 
2.05 
2.05 
1.90 
1.00 
0.80 
0.18 
% Retention 
of i.e.c. 
100 
100 
92.7 
48.8 
39.0 
8.80 
Appearance 
(colour) 
Colourless 
Blackish wh: 
Blakish whil 
Yellow 
Dark yellow 
Light yellov 
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TABLE - 2.6 
EFFECT OF TEMPERATURE ON ION EXCHANGE CAPACITY OF ANTIMONY(V) 
ARSENOSILICATE CATION EXCHANGER ON HEATING FOR 1 HOUR 
SI. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
Temperature 
(°C) 
45 
100 
200 
400 
600 
800 
Na"*"-!©!! 
exchange 
capacity 
(meq/dry gm) 
1.62 
1.54 
1.34 
1.30 
1.04 
1.00 
% 
of 
Retention 
i.e.c. 
100 
95 
83 
80 
64 
62 
Appearance 
(colour) 
White 
White 
White 
White 
White 
Yellow 
Note: On heating the material on 400 and 800°C for 4 hours 
the i.e.c. were found to be 1.18 and 0.56 respectively. 
The colour changed to dirty yellow. 
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TABLB - 2.7 
CHEMICAL STABILITY OF ANTIMONY(V) PHOSPHATE CATION EXCHANGER 
IN VARIOUS ACIDS, ALKALI AND SALT SOLUTIONS 
Solvent 
Amount dissolved in mg 
Antimony Phosphorous 
IM HNO3 
2M HNO3 
IM HCIO^ 
2M HCIO^ 
IM HCl 
2M HCl 
IM HjSO^ 
2M H^SO. 2 4 
IM NaNO-
O.lM NaOH 
l.OM NaOH 
O.lM KOH 
l.OM KOH 
DMW 
0.0 
0.04 
0.02 
0.4 
0.0 
0.03 
0.02 
0.04 
0.0 
0.1 
Dissolved 
0.08 
Dissolved 
0.0 
0.007 
0.01 
0.006 
0.009 
0.004 
0.008 
0.01 
0.02 
0.003 
0.01 
Dissolved 
0.05 
Dissolved 
0.001 
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TABLE - 2.8 
CHEMICAL STABILITY OF ANTIMONY(V) ARSENOSILICATE CATION 
EXCHANGER IN VARIOUS ACIDS, ALKALI AND SALT SOLUTIONS 
Solvent 
IM HNO3 
2M HNO^ 
4M HNO. 
IM HCl 
2M HCl 
4M HCl 
IM H^SO. 2 4 
2M H2S6^ 
4M H-SO. 2 4 
2M NaNO-
2M KNO^ 
0.05M NaOH 
O.IM NaOH 
0.05M KOH 
O.IM KOH 
O.IM NH.OH 4 
Antimony 
1.38 
2.38 
3.00 
0.00 
o.oa 
1.70 
7.13 
9.75 
13.9 
0.75 
1.25 
13.0 
20.3 
16.8 
22.8 
18.3 
Amount dissolved 
Arsenic 
0.00 
0.00 
0.50 
0.00 
0.00 
0.75 
0.00 
0.00 
0.00 
0.00 
0.00 
0.75 
1.38 
0.63 
1.13 
1.10 
in mg 
Silicon 
0.23 
0.27 
0.38 
0.15 
0.18 
0.20 
0.00 
0.00 
0.00 
0.00 
0.00 
0.43 
0.69 
0.58 
0.84 
0.69 
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Fig. 2.5: Equilibrium pH titration curves of antimony{V) 
phosphate cation exchanger. 
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Fig. 2.6: Equilibrium pH titration curves of antomony(V) 
arsenosilicate cation exchanger. 
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Fig. 2.8:IR Spectra of antimony(v) arsenosilicate cation 
exchanger at various temperatures. 
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Fig. 2.8 Contd.: IR spectra of antimony(V) arsenosilicate 
cation exchanger at various temperatures-
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Fig. 2.10: TGA and DTA curves of antimony IV) arsenosilicate 
cation exchanger. 
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SEM Studies; 
Figure 2.12 shows the SEM photographs of antimony (V) 
phosphate at different magnifications such as 25X/ 120X, 
1200X, 6000X and 2500X. 
Distribution Studies: 
Various 200 mg portions of the exchanger in H - form 
were taken in 20 ml of the different metal solutions in the 
required medium and kept for 24 hours with intermittent 
shaking to attain equilibrium. The initial metal ion 
concentration was so adjusted that it may not exceed 3% of 
the total ion exchange capacity of the exchanger. The metal 
ionS/ except the alkali metals present in the solutions 
before and after equilibrium, were determined by the EDTA 
titrations (16). The alkali metal ions were determined by 
flame photometry. Distribution coefficients(Kd) were then 
calculated by the formula 
Kd = — (ml/gm) 
Where, 
I = Initial amount of the metal ion in the solution 
phase. 
F = Final amount of the metal ion in the solution 
phase. 
V = Volume of the solution (ml). 
M = Amount of the exchanger (gm). 
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The results are summarized in Tables 2.10 and 2.11. 
Separations Achieved; 
Two grams of the exchanger (50-70 mesh) in H -form were 
used for the column separation in a glass tube having an 
i.d.'^ O^.e cm. The column was washed thoroughly with DMW 
before loading the mixture on it. The elution was, then, 
done maintaining a flow rate of 2-3 drops/min. The 
separation was achieved by passing a suitable solvent 
throught the column as an eluant. The metal ions in the 
effluent were determined as usual by the EDTA titrations. 
The results are summarized in Tables 2.12 and 2.13 and 
illustrated in Figures 2.13 and 2.14. 
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TABLE - 2.10 
Kd VALUES OF SOME CONBK>N METAL IONS ON ANTIMONY(V) PHOSPHATE 
CATION EXCHANGER IN VARIOUS MEDIA 
Meta l 
i o n s 
Nad) 
K(I) 
Mg(II) 
Ca(II) 
Sr( I I ) 
Ba(II) 
Mn{II) 
Fe(II I ) 
Al( I I I ) 
Co(II) 
Ni(II) 
Cu(II) 
Cdd l ) 
Hg(II) 
Pb(II) 
DMW 
7.3x10^ 
5.7x10^ 
3.5x10^ 
4.0x10^ 
1.6x10^ 
2.2x10^ 
3.2x10^ 
39x10^ 
41x10^ 
2.3x10^ 
3.4x10^ 
36x10^ 
35x10^ 
3.2x10^ 
30x10-^ 
O.OIM HNO^  
2.1x10^ 
1.9x10^ 
3.5x10^ 
4.0x10^ 
1.6x10^ 
2.2x10^ 
3.2x10^ 
39x10^ 
41x10^ 
2.3x10^ 
3.4x10^ 
2.7x10^ 
35x10^ 
3.2x10^ 
30x10^ 
S o l v e n t s 
O.IM HNO^  
1.5x10^ 
1.6x10^ 
1.3x10^ 
1.5x10^ 
0.30x10^ 
0.60x10^ 
1.1x10^ 
3.0x10^ 
3.2x10^ 
0.65x10^ 
1.2x10^ 
8.5x10^ 
2.6x10^ 
2.3x10^ 
2.1x10^ 
O.OIM HCIO^ 
2.7x10^ 
2.8x10^ 
3.5x10^ 
4.0x10^ 
1.6x10^ 
2.2x10^ 
3.2x10^ 
39x10^ 
41x10^ . 
2.3x10^ 
1.2x10^ 
2.7x10^ 
35x10^ 
3.2x10-' 
30x10^ 
O.lM HCIO-4 
1.9x10^ 
1.8x10^ 
0.50x10^ 
0.67x10^ 
0.30x10^ 
0.60x10^ 
0.40x10^ 
1.0x10^ 
1.1x10^ 
0.10x10^ 
0.47x10^ 
0.23x10^ 
0.80x10^ 
0,64x10^ 
0.55x10^ 
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Fig. 2.12: SEM photographs of antimony(V) phosphate at different 
magnifications. 
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RESULTS AHD DISCDSSION 
A. Antimony (V) phosphate; 
The new phase of antimony (V) phosphate prepared in 
these studies shows Na i.e.c. as high as 2.05 meq. 
gm~ (dry basis). A study of the percent retention of the 
i.e.c. on heating to various temperatures indiqates that 
the material (AP-1) does not lose its i.e.c. upto 100°C. It 
retains about 39.0% of its i.e.c. even on heating upto 
eOO^C which is an important feature of this phase. Another 
important aspect is its reproducible nature. It was 
observed that antimony (V) phosphate obtained in various 
batches does not show any appreciable deviation in its ion 
exchange properties. The solubility experiments also show 
that the material has a reasonably good chemical 
stability. It is highly resistant to acidic mediudm. In 
alkaline media, however, it dissolves appreciably, perhaps 
due to an extensive hydrolysis, like other materials of 
this class. The study reveals that the starting material 
used for the preparation of an ion exchanger is an 
important factor. Antimony (V) phosphate produced by using 
potassium pyroantimonate [KSb(OH)g], as in the present 
case, appears to be better than the one prepared earlier 
(3) by using antimony (V) chloride (SbCl^). Availability of 
-OH groups in the starting material may be responsible for 
an enhanced ioiy^exchange behaviour of antimony (V) 
phosphate. 
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The column elution experiments indicate a dependence 
of the concentration of the eluent on the rate of elution 
which is a usual behaviour for such materials. The minimum 
molar concentration of NaNO^ as eluant for the maximum 
release of H — ions from a 1 gm. column of the exchanger is 
found to be <--^  1 M. The elution is appreciably fast as only 
60 ml of the effluent of this concentration is sufficient 
for an almost complete elution of the H - ions from its 
column. 
The pH titration curves obtained under equilibrium 
conditions are shown in figure 2.5 for LiOH/LiCl, NaOH/NaCl 
and KOH/KCl systems. It is clear from the figure that the 
inflection points for the exchange of alkali metals 
resemble with the i.e.c. obtained experimently by the 
column process (2.05 meq./dry gm.). The Figure indicates 
the monofunctional behaviour of this material. It appears 
to be a strong cation exchanger as indicated by a low pH 
(L^2) of the solution at the initial stage of the 
pH-titration. The rate of exchange is faster for the H -
Na exchange than for the H -K and H - Li exchanges. 
-3 The chemical analysis indicates the Sb/PO. molar 
ratio in the material to be 2:3 on this basis and on the 
basis of the TGA studies the formula of the material may 
 
 
 
 
 
  
 
 
 
119 
be given tentatively as follows: 
[ (SbjOg). (H3PO^)2 ]. n H2O 
The number "n" of the external water molecules can be 
calculated from the TGA curve Figure 2.9. An inflection 
point appearing at^-^100°C is due to the removal of the 
external water molecules at this temperature which 
corresponds to a 5.5% weight loss. Assuming the above 
structure to be a basic unit, the value of n comes out to 
be 2 by applying Albert!'s expression (17). 
ift « - X ( M + 18 n ) 
•Lo n - r-rr 
100 
where X is the weight loss and ( M + 18 n ) is the 
molecular weight of the material. 
A further weight loss beyond 100°C may be due to the 
following condensation process: 
2(Sb205) . (H^PO^)^ >2Sb20^+3P20^+9H^O. 
A horizontal portion of the curve above 600''C indicates 
the completion of this process. The total weight loss at 
this temperature equals to *-^  20% corresponding to a nearly 
7H2O moles/mole of the exchanger. Taking into consideration 
the external water molecules to be 2 as calculated above 
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the water loss due to the condensation process only should 
bev^^S moles/mole of the exchanger. The above reaction also 
points to the nearly same conclusion. 
IR spectra (Figure 2.7) show the various peaks at 
around 750, 1050, 1200, 1400, 1600 and 3 300 cm"''". The peaks 
observed at 750 and 1050 are indicative of the metal-oxygen 
streching vibrations while those at 1200 and 1400 are due 
to the presence of phosphate groups. The presence of water 
of crystallization is indicated by the peaks at 1600 and 
3300 cm" . The peaks at 1600 cm" are also indicative of 
the strongly hydrogen - bonded - OH groups or extremely 
strongly coordinated HjO molecules (18). 
The SEM studies reveal the surface characteristics 
of this new phase of antimony (V) phosphate. Figure 2.12 
shows the grains observed at various magnifications such as 
25 X, 120 X, 1200 X, 2500 x and 6000 x shown in the films 
No. 001, 003, 003, 005 and 004 respectively. 
X-ray studies point to the amorphous nature of the 
exchanger as no peaks are observed in the diffraction 
pattern. 
The most promising analytical property of the 
material is its high selectivity for lead which has been 
separated experimentally from Mg(II) and Ba(II). Other 
binary separations achieved are Mg(II) - Fe(III), Ba{II) -
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Fe(III), Mg(II) - Al(III) and Ba(II) - Al(III) on the basis 
of their differential selectivities in different solvents. 
This property exploses the possibility of using antimony 
(V) phosphate in environmental studies. Table 2.12 gives 
the salient features of the separations achieved. 
B. Antimony (V) arsenosilicate; 
Antomony(V) arsenosilicate has been found to posses 
good ion exchange capacity as compared to the other 
materials of this class (Figure 2.15). It shows an i.e.c. 
for Na of 1.62 meq gm~ (dry basisO. Furthermore, the loss 
of its i.e.c. on ehating is also less than for other 
materials as shown in Figure 2.16; it retains an 
appreciable i.e.c. even on heating to 600-800°C. Also, the 
solubility experiments show that the material has 
reasonably good chemical stability. It is highly resistant 
to HNO^ and HCl, with a slightly higher solubility in H-SO.. 
In alkaline media, however, it dissolves appreciably, 
perhaps due to extensive hydrolysis, like other materials 
of this class. 
Composition studies indicate the molar ratio of Sb, 
As and Si as 1.6:1:8, suggesting the tentative 
formula. 
[(Sbj 05)1.5(^8205) .(Si02)3^g].nH20 
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This indicates that the compound consists mainly of a 
polymeric silicate structure, studded with the hydroxide 
groups of antimony and arsenic which are responsible for its 
cation exchange properties. 
The number "n" of external water molecules can be 
calculated from the TGA curve (Figure 2.10). An inflection 
point at'^ -^ 118°C signifies the removal of all the external 
water molecules which corresponds to a 17% weight loss. 
Assuming the above structure to be a basic unit, the value 
of n comes out to be 19 by applying Alberti's expression 
[17] 
18n = XiM±18nl 
100 
where X is the weight loss in percent and (M+18n) is the 
molecular weight of the material. 
A further weight loss beyond 118*'C may be due to the 
condensation process which might be completed up to 550°C. 
This temperature range (IIB-SSO^C) also includes the 
limiting temperature range [19] (435-450°C) for the 
existence of As-O^. A sharp endothermic peak at 118°C in the 
TGA curve (Figure 2.10) confirms the removal of external 
water molecules. A broadened exothermic peak in the range 
276-500°C is an indication of a slow decomposition process: 
AS2O5 . AS2O3+O2 
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in addition to the condensation process involving the 
removal of the strongly coordinated HjO molecules within the 
framework of the exchanger. However, the removal of the H2O 
molecules may be a reversible process as indicated by the 
persistence of the i.e.c. even on heating the material to an 
elevated temperature. The sharp peak at 800°C may be due to 
the noise in the instrument as no structural changes in the 
material are expected beyond 550<»C when oxide formation may 
be completed. 
The pH titration curve (Figure 2.6) indicates 
monofunctional behaviour of this material. It appears to be 
a strong cation exchanger as indicated by a low pH ^^2) of 
the solution when no OH ions were added to the system. The 
rate of exchange is faster for the H -Li exchange than for 
+ + + + the H -Na and H -K exchanges. It may also be due to a 
larger hydrated radius of Li ion> as compared to those of 
Na and K . The ion exchange capacity calculated from the pH 
titration curve corresponds closely to the experimental 
value obtained by the column process for Na ions. However, 
2+ 2+ 2+ for alkaline earths (Ca , Ba / Sr ) the i.e.c. is found 
to be higher than for the alkali metals except for the Mg^ "*" 
ion. In this respect AAS resembles other similar materials. 
The ionic size and charge may together be the reason for 
such behaviour. A close observation of the pH titration 
curves reveals a reversal of the i.e.c, Li"*" (0.8) < Na"*" 
(1.0) <K (1.2), in comparison to the i.e.c. obtained in the 
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column process, Na''"(1.62) > Li"^  (1.42) > K"*" (1.19). It may 
also be due to a differece in the experimental conditions. 
The pH titrations were performed under static equilibrium 
conditions (batch process) while the i.e.c. were determined 
under dynamic conditions. 
IR studies reveal (20, 18) the presence of the 
various groups in antimony (V) arsenosilicate. The 
metal-oxygen and metal-OH stretching bands are observed at 
^700 cm" . The absorption band observed at"^900-1000 cm" is 
due to the presence of the arsenate group in the material. 
The bands at 1050 and 1600 cm" are characteristic of the 
silicate group. External water molecules also absorb at 
1600 cm in addition to usual range of 3300 cm . The 
absorption band at 1400 cm can be ascribed to the 
vibration of the 0-NH. band. This indicates that AAS 
4 
contains a considerable amount of NH. ions in spite of the 
acid treatment. This peak disappears on heating the material 
up to 600*>C and beyond. Figure 2.8 shows the variou bands at 
different temperatures. 
The X-ray studies show the material to be crystalline 
(Figures 2.11). The diffraction peaks have been identified 
and marked. The lattice constant a has been calculated 
following the standard procedure using the formula 
,2 _ A^(h2 + k2 + l2) 
3 — • 
4 sin^9 
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where A (1.5418 °A) is the wavelength of the incident beam, 
h, k, 1 are the plane indices and 20 is the angle for the 
diffraction peak. The results are given in Table 2.9. These 
preliminary investigations indicate that the material has a 
cubic structure with the lattice constant a = 8.55 °A. 
Further studies are, however, in progress to determine if 
the material has a composite nature. 
Due to the unique selectivity of AAS for Fe(II), 
separation of this ion from other metal ions can be 
effected. Other separations such as Sr(II)-Cd(II) and 
Mn(II)-Cd(II) have also been achieved experimentally due to 
their differential selectivities in different solvents. 
Table 2.13 summarizes the details. 
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CHAPTER - 3 
ION EXCHANGE KINETICS OF SOME DIVALENT METAL 
IONS ON ANTIMONY(V) ARSENOSILICATE CATION 
EXCHANGER 
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INTRODOCTION 
Energy and entropy of activation are the fundamental 
properties of a system. These parameters help us to 
understand the mechanism of interactions during adsorption/ 
exchange which are intermixed in case of an inorganic ion 
exchanger. This information will evaluate its separation 
potential. Earlier studies made in this direction (1-11) 
were based on the old Bt criterion (12) which should be 
useful only for an isotopic exchange process. However, in a 
true ion exchange phenomenon, different mobilities (13) of 
the exchanging ions are involved and hence for such a case 
Nernst-Planck equations (14,15) are more appropriate to 
obtain the precise values of the various kinetic parameters 
(16-21). The present chapter summarizes the results of our 
study on kinetics of metal ion exchanges on the surface of 
an inorganic ion exchanger. Antimony(V) arsenosilicate 
'cation exchanger has been selected as the adsorbent, as it 
has shown (22) a crystalline nature and a promising ion 
exchange behaviour, described in Chapter-2. Divalent metal 
ions such as Mg(II), Ca(il), Sr(II), Ba(II), Mn(II), 
CO(II), Ni(II), Cu(II), Cd(II) and Pb(II) have been taken 
for such a study as they are important from the 
environmental point of view. 
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EXPERIMENTAL 
Reagents and Chemicals: 
Potassium pyroantimonate (KSb(OH)g) and sodium 
metasilicate (Na^SiO^.5H_0) were obtained from Loba-Chemie 
(India) while sodium arsentate (Na^HAsO..VH^O) was a CDH 
product. All other reagents and chemicals were of AnalaR 
grade. 
Apparatus; 
A water bath incubator shaper having a temperature 
variation of ^  0.5*C was used for all equilibrium studies. 
Synthesis of antimony(V) arsenosilicate; 
Antimony(V) arsenosilicate was synthesized by the 
method described in Chapter 2. 
Determination of the infinite time of exchange; 
The infinite time of exchange is the time necessary 
to obtain equilibrium in an exchange process. The ion 
exchange rate becomes independent of time after this 
interval. As is evident from Figure 3.1 about 1 hour is 
required for the establishment of equilibrium at 33''C for 
the Ca(II)-H(l) exchange. Similar behaviour is observed for 
Mg(II)-H(I), Sr(II)-H(I), Ba(II)-H(I), Mn(II)-H(I), 
Co(II)-H(I), Ni(II)-H(I), cu(II)-H(I), Cd(II)-H(I) and 
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Pb{II)-H(I) exchanges. Therefore, 1 hour has been assumed to 
be the infinite time of exchange for this system. 
Kinetic Measurements; 
The exchanger samples were ground and sieved to 
obtain particles of definite mesh sizes (25-50, 50-70, 
70-100 and 100-150). Out of them the particles of mean 
radii ^ -^  125 um (50-70 mesh) were used to evaluate various 
kinetic parameters. The rate of exchange was determined by 
the limited bath technique as follows: 
Twenty milliliter fractions of the 0.02M metal ion 
solutions (Mg, Ca, Sr, Ba, Mn, Co, Ni, Cu, Cd and Pb) were 
shaken with 200 mg of the exchanger in H -form in several 
stoppered conical flasks at desired temperatures (25, 33, 50 
and 65 (+ 0.50)'>C) for different time intervals (1.0, 2.0, 
3.0 and 4.0 min.). The supernatant liquid was removed 
immediately and the determinations were made as usual by 
EDTA titrations. Each set was repeated four times and the 
mean values were taken for calculations. 
Analytical Procedures; 
The results are expressed in term of the fractional 
attainment of equilibrium, U("C) with time according to the 
equation; 
U(^) = the amount of exchange at time 't' 
the amount of exchange at infinite time 
. . . (3.1) 
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and the corresponding T values were calculated by solving 
the Nernst Planck equation (14,15). These values for 
different M(II)-H(I) exchanges are given in Tables 3.1 to 
3.5 at different temperatures. M(II) stands for metal ions. 
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Fig. 3.1: A plot of D(r) versus time for Ca (II)-H{I) exchange 
on antimony(V) arsenosilicate at 33**C for the 
determination of the infinite time of exchange. 
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TABLE - 3.1 
"C VALUES FOR MgdD-Hd) AND Ca(II)-H(I) EXCHANGES ON 
ANTIMONY(V) ARSENOSILICATE CATION EXCHANGER AT DIFFERENT 
TEMPERATURES AFTER VARIOUS TIME INTERVALS 
Time T values at 
(min) 25°C 33°C SO'C 65°C 
Mg(II)-H(I) 
1 0 . 0 4 1 0 .058 0 . 0 7 3 0 .112 
2 0 .064 0 .084 0 .117 0 .199 
3 0 . 099 0 .144 0 .176 0 . 2 9 1 
4 0 .144 0 .169 0 . 2 3 5 0 .392 
C a ( I I ) - H ( I ) 
1 0 . 0 4 1 0 . 0 6 3 0 .094 0 .102 
2 0 .072 0 .106 0 .148 0 .189 
3 0 .106 0 .148 0 . 2 4 3 0 .305 
4 0 .125 0 .213 0 .305 0 .398 
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TABLE - 3.2 
T VALUES FOR Sr(lI)-H(I) AND Ba(II)-H(I) EXCHANGES ON 
ANTIHONY(V) ARSENOSILICATE CATION EXCHANGER AT DIFFERENT 
TEMPERATURES AFTER VARIOUS TIME INTERVALS 
Time 
(min) 
1 
2 
3 
4 
1 
2 
3 
4 
25°C 
0.014 
0.028 
0.063 
0.086 
0.036 
0.067 
0.112 
0.169 
X values 
33°C 
0.025 
0.055 
0.106 
0.136 
0.059 
0.091 
0.149 
0.226 
Sr(II) 
Ba(II) 
at 
50°C 
-H(I) 
0.045 
0.106 
0.148 
0.205 
-H(I) 
0.067 
0.156 
0.246 
0.343 
65°C 
0.061 
0.154 
0.205 
0.276 
0.127 
0.191 
0.325 
0.412 
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TABLB - 3.3 
TVALUES FOR Mn(II)-H(I) AND Co(II)-H(I) EXCHANGES ON 
ANTIMONY(V) ARSENOSILICATE CATION EXCHANGER AT DIFFERENT 
TEMPERATURES AFTER VARIOUS TIME INTERVALS 
Time T values at 
(min) 25°C 33°C 50°C 65°C 
Mn(II)-H(I) 
1 0 .064 0 .085 0 . 1 1 1 0 .149 
2 0 .097 0 . 1 6 1 0 .198 0 . 2 5 1 
3 0 .168 0 .223 0 . 2 7 3 0 .364 
4 0 .214 0 .284 0 .334 0 .457 
C o ( I I ) - H ( I ) 
1 0 .040 0 .076 0 .107 0 .154 
2 0 .086 0 .116 0 .142 0 .197 
3 0 . 1 3 1 0 .174 0 .197 0 .252 
4 0 .205 0 .264 0 .314 0 .402 
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TABLE - 3.4 
TVALUES FOR Ni(II)-H(I) and Cu(II)-H{I) EXCHANGES ON 
ANTIMONY(V) ARSENOSILICATE CATION EXCHANGER AT DIFFERENT 
TEMPERATURES AFTER VARIOUS TIME INTERVALS 
Time 
(min) 
1 
2 
3 
4 
25'»C 
0.047 
0.075 
0.129 
0.159 
"C values 
BS^C 
Ni(II)-
0.059 
0.097 
0.159 
0.220 
at 
50°C 
H(I) 
0.080 
0.129 
0.229 
0.310 
65<'C 
0.097 
0.195 
0.274 
0.398 
1 
2 
3 
4 
0.041 
0.073 
0.108 
0.169 
C u ( I I ) - H ( I ) 
0 . 073 0 .085 0 .122 
0 . 0 9 1 0 .132 0 .176 
0 .138 0 .208 0 .278 
0 .208 0 . 2 9 1 0 .369 
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TABLB - 3.5 
T VALUES FOR Cd(II)-H(I) AND Pb(II)-H(I) EXCHANGES ON 
ANTIMONY(V) ARSENOSILICATE CATION EXCHANGER AT DIFFERENT 
TEMPERATURES AFTER VARIOUS TIME INTRVALS 
Time 
(min) 
"C values at 
25°C 33«C 50°C 65°C 
Cd(II)-H(I) 
1 0 .035 0 .050 0 .066 0 . 0 9 1 
2 0 .048 0 .067 0 . 0 9 1 0 .132 
3 0 .067 0 .098 0 . 1 4 3 0 .198 
4 0 .095 0 .120 0 .207 0 .265 
P b ( I I ) - H ( I ) 
1 0 .037 0 .057 0 . 0 8 8 0 .122 
2 0 .062 0 . 0 8 1 0 .156 0 .208 
3 0 .095 0 .149 0 . 2 0 8 0 .299 
4 0 .156 0 .184 0 .286 0 .375 
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RESULTS AND DISCDSSION 
Kinetic measurements have been made under the 
conditions favouring a particle diffusion-controlled ion 
exchange phenomenon for the exchange of Mg(II)-H(I), 
Ca(II)-H(I), Sr(II)-H(I), Ba(II)-H(I), Mn(II)-H(I), 
Co(II)-H(I), Ni(II)-H(I), Cu(II)-H(I), Cd(II)-H(I) and 
Pb(II)-H(I). The particle diffusion controlled phenomenon is 
favoured by a high metal ion concentration, relatively a 
large particle size of the exchanger and a vigorous shaking 
of the exchanging mixture. A study of the concentration 
effect on the rate of exchange at 33''C shows that the 
initial rate of exchange is proportional to the metal ion 
concentration at and above 0.02M, when the rate of exchange 
is independent of the concentration of the metal ion in the 
solution. It confirms the particle diffusion controlled 
phenomenon. Below these concentrations the film diffusion is 
more prominent. Plots of U ( T ) versus time "t", in minutes, 
for all metal ions (Figure 3.2) indicate that the fractional 
attainment of equilibrium is faster at a higher temperature 
suggesting that the mobility of the ions increases with an 
increase in temperature. The uptake decreases with time. 
The present system may be considered to follow the 
"infinite solution volume" (23) condition because CV>>CV, 
where C and C are the metal ion concentrations in the 
solution and exchanger phases respectively, V and V are the 
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volumes of these two phases. The Nernst-Planck equation can 
be solved with some additional assumptions (24) which are 
valid for inorganic ion exchangers as the swelling changes 
and the specific interaction are not significant in this 
case. As a result, we obtain a coupled interdiffusion 
coefficient D , the value of which depends on the relative 
concentrations of the counter ions A and B in the exchanger 
phase (C- and C_,). For €.<<€„ the interdif fusion coefficient 
A 15 A 13 
assumes the value D , A being the counter ion initially 
present in the exchanger phase. 
On the basis of Nernst - Planck equation the 
numerical results can be expressed (25) by the explicit 
approximation: 
U(T, = {1-exp [-K^  (f^ (oc )T + f2(«c ) T^+ f3( -c ) r^)])^ 
... (3.2) 
where 
D 
X is the half time of exchange = ^ 
oc is the mobility rate = D,/D„ 
A B 
At
^O 
ro is the particle radius and D. and D„ are the 
A B 
inter-diffusion coefficients of counter ions A and B 
respectively in the exchanger phase. The three functions 
f^{'<), f2('< ) and f^{'<) depend upon the mobility ratio (-c ) 
and the charge ratio Z^ /Zg of the exchanging ions. Thus, 
they have different expressions as given below (26). 
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When the exchanger is taken in the H"*"-form and the 
exchanging ion is M(II) and 1^ oC^20, as in the present case, 
the three functions have the values: 
flC*j = - (a) 
0.64 + 0.36 ocO-668 
^2L<c> =- (b) 
0.96 - 2.0oC°-'*^ 35 
f3C«cj = - (c) 
0.27 + 0.09«cl-14 
Each value of V^jy will have a corresponding value 
of T which is obtained on solving equation 3.2. 
The plots of T versus time (t) at the four 
temperatures are shown in Figure 3.3. The results are 
summarized in Tables 3.1 to 3.5. The plots of r versus time 
are the straight lines passing through the origin, confirming 
the particle diffusion controlled phenomenon for M(II)-H(I) 
exchanges at a metal ion concentration of 0.02M. 
The slopes (s) of various T versus time (t) plots for 
all the metal ions are given in Table 3.6. They are related 
to D- as follows: A 
S = — q — ... (3.3.) 
ro 
The values of - log 5. obtained by using equation 3.3 
1 
plotted against ^ are straight lines (Figure 3.4) thus 
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verifying the validity of the Arrhenius relation: 
D, = D exp ( ~^^ ) ... (3.4) 
The energy of activation (Ea) and the preexponential 
constant (D ) were estimated from the plots, according to 
o 
* 
this expression at 273*>K. The entropy of activation (AS ) 
was then calculated by substituting (27) D in equation 3.5. 
D = 2.72 d^ iSl ( _A_sl ) ... (3.5) 
o h '^  k 
where d is is the ionic jump distance taken as SA", k is the 
Boltzmann constant and h is the Planck's constant. T is 
taken as 273*»K. The values of the diffusion coefficient (D ), 
o 
* 
energy of activation (E ) and entropy of activation (As ) 
thus obtained are summarized Table 3.7. 
The kinetic study reveals tht equilibrium is 
attained faster at a higher temperature (Figure 3.2), 
probably because of a higher diffusion rate of ions through 
the thermally enlarged interstitial positions of the ion 
exchange matrix. The particle diffusion phenomenon is 
evident from the straight lines passing through the origin 
for the T Vs t plots, as shown in Figure 3.3. Negative values 
of the entropy of activation suggest a greater degree of 
order achieved during the forward ion exchange [M(II)-H(I)] 
process. 
 
 
 
 
 
  
 
 
 
144 
i n 
p<i 
.«-> 
n 
ro 
.«J 
O 
•n 
.<J 
in 
u> 
-p 
c 
e 
<0 
n 
0) 
C 
U 
K 
0) 
I 
(0 
•p 
c 
u 
M-l 
It-I 
•H 
"O 
V^  
0 
M-l 
e 
• H 
•P 
M-l 
O 
•P 
0 
U 
0> 
cr 
c 
(0 
u 
X 
V 
c 
0 
• H 
• p 
rO 
U 
0 
• p 
(0 
u 
•H 
i H 
• H 
10 
0 
c 
0) 
10 
«0 
>1 
B 
0 
•P 
c 
(0 
c 
0 
CO 
0) 
W (0 
> ^^  
'-> a 
n -P 
•P 
C 
n 0) 
M-l 
M-l 
• H 
( i )n 01 
•H 
 
 
 
 
 
  
 
 
 
145 
o.s 
0.*. 
0.3 
0.2 
0.1 
0.0 
O.S 
0.4 
0.3 
0.2 
0.1 I-
0.0 
03 
|o 0.6 
o 
4 
4 
15 C 
33 'C 
50 *C 
65 'C 
0 1 2 3 A 
Time (Minute) _ 
Fig. 3.3: Plots of T Vs t for different metal(II)-H{I) 
exchanges at different temperatures on antimony(V) 
Arsenosilicate cation exchanger. 
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TABLE - 3.6 
SLOPES OF T VERSUS t PLOTS AT DIFFERENT TEMPERATURES 
Migrating 
ion 
Mg(II) 
Ca(II) 
Sr(II) 
Ba(II) 
Mn(II) 
Co(II) 
Ni(II) 
Cu(II) 
Cd(II) 
Pb{II) 
25<'C 
5.88 
5.33 
3.33 
7.16 
9.09 
8.33 
6.95 
7.00 
4.54 
5.55 
S (s'^) 
33°C 
7.16 
8.33 
6.00 
9.00 
12.12 
10.00 
8.88 
8.33 
8.55 
8.33 
X 10* 
50''C 
9.66 
12.16 
8.33 
13.83 
14.81 
12.50 
11.90 
11.83 
8.33 
12.16 
65°C 
16.66 
15.66 
11.66 
16.66 
18.51 
16.66 
15.46 
16.66 
11.66 
16.66 
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CHAPTER - 4 
THE ADSORPTION OF CARBOFURAN ON THE SURFACE 
OF ANTIMONY(V) ARSENOSILICATE : A 
THERMODYNAMIC STDDY 
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INTRODDCTION 
Pesticides are carcinogenic and mutagenic substances. 
They possess accumulating tendency as well as persistant 
nature. Their concentration in air, water, soil, flora and 
fauna is increasing day by day due to their repeated and 
indiscriminate use in agriculture. Hence to meet the world 
wide problem of environmental protection and pollution 
control, it is necessary to detect, separate, identify and 
determine, the pesticides residues in our ecosystem and then 
to take proper steps for their removal. The adsorption of 
pesticides on soils has been a significant feature (1-4). It 
is affected by the presence of metal ions which play an 
important role in modifying the nutritional status of the 
soils. Inorganic ion exchangers are known to be selective 
for metal ions (5) and hence their presence in soil may have 
some far - reaching consequences. These materials have been 
found to absorb pesticides to a much greater extent than the 
ordinary soils. For example antimony(V) silicate (6) 
prepared in these laboratories has shown about 10 fold 
enhanced adsorption potential for carbofuran (2,3-dihydro-2, 
2-dimethyl-7-benzofurarayl methyl carbomate) as compared to 
soils. In order to extend such a study antimony(V) 
arsenosilicate (7) has now been selected and its adsorption 
has been observed for carbofuran (C.-H^_NO^) which is the 
least studied pesticide. Following pages summarize the 
results of such a study. 
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EXPERIMENTAL 
Reagents and Chemicals; 
Potassium pyroantimonate [KSb(OH)g] and sodium 
metasilicate (NaSi0^.5H_0) were obtained from Loba-Chemie 
(India) while sodium arsenate (Na^HAsO^.THjO) was a CDH 
product. Carbofuran (Furodan - 3G) was obtained from Rallis 
India Ltd., Bombay. All other reagents and chemicals were of 
AnalaR grade. 
Preparation of the reagent solutions: 
NaNO, was dissolved in DMW to prepare its 0.3% (w/v) 
solution. 0.2% (w/v) solution of sulphanilic acid was 
prepared in IN HCl. 4N solution of sodium hydroxide was 
prepared in DMW and a standard solution of carbonfuran was 
prepared in methanol. 
Apparatus; 
A water bath incubactor-shaker having a temperature 
variation of HH0.5°C was used as usual for all the 
equilibrium studies while spectrophotometric studies were 
carried out using a Bausch and Lomb Spectronic - 2 0 spectro-
photometer. 
Synthesis of antimony(V) arsenoailicate; 
The synthesis and other properties of antimony(V) 
arsenosilicate (AAS) are summarized in Chapter-2. 
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Equilibrium Studies: 
20 ml of the carbofuran solution (500 ppm) were 
shaken with 200 mg of the exchanger for different time 
intervals at 30°, 45° and 60°C. The amount of carbofuran 
adsorbed on the exchanger was plotted against time as shown 
in figure 4.1, which indicates that about 90 minutes are 
required for the attainment of equilibrium. 
Adsorption Thermodynaunics t 
200 mg portions of AAS (H - form) were placed in 
various stoppered conical flasks, each containing 20 ml of 
the carbofuran solutions of different concentrations 
(100 - 1000 mgl" ) at the desired temperatures (30°, 45° and 
60°C) and the mixtures were shaken for 90 minutes each to 
attain equilibrium (Figure 4.1). The supernatant liquid was 
then quantitatively analyzed spectrophotometrically (8) for 
carbofuran. The initial concentrations of the carbofuran 
solutions were also determined by the same method prior to 
their mixing with the exchanger. The method for the 
determination of carbofuran is summarized below:-
Determination of carbofuran; 
One milliliter solution of carbofuran was taken in a 
10 ml volumetric flask followed by 1ml of 0.3% NaNO_ solution. 
One milliliter of the sulphanilic acid solution (0.2%) was 
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then added/ and the contents of the flask were kept for 
30 minutes. Then, 2 ml of the NaOH (4N) solution was added 
before making the volume upto 10 ml with DMW. After keeping 
this solution for 30 minutes the absorbance was taken at 
460 nm. 
The amount of carbofuran present in the solution was 
then determined with the help of a calibration curve drawn 
under identical conditions. 
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RESULTS AND DISCUSSION 
Since the equilibrium time for the exchange of 
carbofuran on AAS is 90 minutes (Figure 4.1), the 
adsorption isotherms were drawn by shaking for this time 
interval. The isotherms at 30°, 45° and 60°C are shown in 
Figure 4.2, the behaviour of which is in close agreement 
with the freundlich equation 
x/m = KC-'-/" ... (4.1) 
where x/m is the surface concentration of carbofuran in 
millimoles per gram of the exchanger, C is the equilibrium 
concentration of carbofuran (m.mol.ml ) in the solution and 
K and 1/n are the constants. They were determined from the 
intercepts and slopes of the straight lines, respectively 
(Figure 4.3), fitted to the points by the least - squares 
method. The values obtained are listed in Table 4,1. The 
value of K was found to be greater at 30°C than at 45° or 
60°C. 
Thermodynamic parameters were calculated from the 
variation of the thermodynamic equilibrium constant Ko, (or 
the thermodynamic distribution coefficient) with the change 
in temperature. The thermodynamic equilibrium constant for 
the adsorption reaction can be defined as follows: 
KO = - ^ = _ ^ . C s ^ ... (4.2) 
^e Ve Ce 
 
 
 
 
 
  
 
 
 
157 
where a is the activity of the adsorbed solute, a ^^ ^^ 
activity of the solute in solution at equilibrium, Cs is the 
surface concentration of carbofuran at equilibrium 
(m.mol.ml" ), "Vs is the activity coefficient of the 
adsorbed solute and "^ e is the activity coefficient of the 
solute in solution. 
As the concentration of the solute in solution 
approaches zero, the activity coefficient approaches unity, 
reducing equation 4.2 to the following form: 
lim -^r- = — ^ = Ko ... (4.3) 
Cs—»0 ^® ^e 
Values of Ko were obtained by plotting In (Cs/Ce) Vs Cs and 
extrapolating Cs to zero (3). The straight line obtained 
was, then, fitted to the points based on a least squares 
analysis. Its intercept with the vertical axis gives the 
value of Ko (Figure 4.4). Standard free energy changes 
( A G " ) for interactions were calculated (9) from the 
relationship. 
AG" = - RT In Ko ... (4.4) 
where R is the universal gas constant and T is the 
temperature in Kelvin. The average standard enthalpy change 
( AH**) was then calculated from the well known Van't Hoff 
isochore equation 
in Ko,T3,-l„ Ko(T,, = - ^ ° ' ^ 1 ^ ° ^ 3 ' (i - b . . . (4.5, 
R 3 1 
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where T^ and T, are the two different temperatures. Standard 
entropy changes ( AS*») were calculated using the equation 
AG" = /:^H<» - T A S«» 
The values obtained are shown in Table 4.2, 
(4.6) 
A negative value of the standard enthalpy change 
indicates that the carbofuran - exchanger interaction is 
exothermic and the products are energetically stable with a 
high binding of carbofuran to the exchanger sites. It is 
supported by the adsorption isotherms plotted at different 
temperatures (Figure 4.1). Since the free energy changes are 
negative and are accompanied by a positive entropy change* 
the reactions are spontaneous with a high affinity for 
carbofuran. 
The mechanism of adsorption of carbofuran on the 
surface of the exchanger can be explained as follows: 
The replaceable H ions of the exchanger may 
interact with the carbonyl (> C = 0 ) group in the 
carbofuran molecule, thus causing a marked localization of 
the attractive forces as shown below: 
-H^  + 
n + 
C NHCH3 
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where X stands for the exchanger. A higher adsorption at 
30°C than at 45<» or eCC is probably due to the fact that 
the attractive forces are weaker at a higher temperature. 
A comparison of the results with antimony(V) 
silicate (AS) and Sn(IV) arsenosilicate (SAS) (Table 4.3) 
reveals that the selectivity sequence for carbofuran is as 
follows: 
SAS > AAS > AS 
Thus AAS appears to be a more useful material as 
compared to AS for the adsorption of carbofuran. If may 
therefore enhance the adsorption behaviour of soils for 
carbofuran when added to it, obviously because the 
enhanced ion exchange capacity. 
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TABLE - 4.1 
FREUNDLICH ISOTHERM CONSTANTS FOR THE ADSORPTION OF 
CARBOFURAN ON ANTIMONY(V) ARSENOSILICATE CATION EXCHANGER 
AT DIFFERENT TEMPERATURES 
30«»C 
K 1/n 
214 1.06 
45'C 
K 1/n 
93.3 0.97 
60«»C 
K 1/n 
42.7 0.88 
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TABLE - 4.2 
VALUES OF VARIOUS THERMODYNAMIC PARAMETERS FOR THE ADSORPTION 
OF CARBOFURAN ON ANTIMONY(V) ARSENOSILICATE CATION EXCHANGER 
AT DIFFERENT TEMPERATURES 
Thermodynamic 
parameters 
30°C 
45°C 
60°C 
Ko 
106 
94 
85 
AG° 
(kCal/mol) 
-2.79 
-2.81 
-2.93 
(kCal/mol/deg) 
4.39 X 10"^ 
4.32 X 10"-^  
4.41 X 10"^ 
A H O (kCal/mol) = - 1.46 
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2 ^ 6 8 10 12 U 16 18 20 22 « 10 
Millimoles of carbofuran/ml of the solution (Ce)—*• 
Fig. 4.2: Adsorption isotherms of carbofuran on 
antimony(v) arsenosilicate cation exchanger. 
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INTRODOCTION 
Inorganic ion exchangers have found application 
in the metal ion separation owing to their selective 
behaviour for certain metal ions (1). These materials 
have also demonstrated a potential use in the metal 
analysis of pharmaceuticals. Antimony(V) arsenosilicate 
(AAS)/ an ion exchanger synthesized during these 
studies (2), has shown a high selectivity for Fe(III). It 
was therefore considered worthwhile to explore the 
possibility of its use in estimating iron content of 
ayurvedic medicines used for the treatment of iron 
deficiency anaemias and for their standardization. 
Anaemia, especially caused by deficiency of iron, 
is in our population because malnutrition is very 
common (3). Several iron containing pharmaceutical 
preparations are available in the market manufactured by 
different pharmaceutical houses. Lohasava is one such 
preparation. Its method of preparation is described in 
standard ayurvedic texts, but in the absence of any 
available method for the estimation of its iron content, 
its therapeutic efficiency has always remained suspect as 
compared to iron preparations of modern system of 
medicine. The present attempt is in the direction of 
estimation of iron content of Lohasava manufactured by 
different pharmaceutical houses and in different batches 
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of some established manufacturing houses. Undoubtedly, 
the low dose of iron which will leave the anaemia 
uncovered; however, an excessive dosage of iron may also 
be harmful due to the deposition of unused Fe in various 
organs of the body (4). In view of this a judicious use 
of the drug is important for which its standardization is 
required.The following pages summarize the results of our 
attempt in this direction. Fesovit (Eskeyef), Fefol and 
Lohasavas of various companies have been quantitatively 
analysed for the presence of Fe, using antimony (V) 
arsenosilicate as the adsorbent. 
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EXPERIMENTAL 
Reagents and Chemicalst 
Potassium pyroantimonate [KSb(OH)g] and" sodium 
metasilicate [Na2Si0^.5H_0] were obtained from Loba-
Chemic (India) while sodium arsenate tNa2HAsO-.TH-O] was 
a CDH product. Other reagents and chemicals were of 
AnalaR grade. 
Synthesis of antiinony(v) arsenosilicate; 
It was synthesized by the method described in 
Chapter 2. 
Treatment of the drug samples: 
To prepare the stock solution of the drug, one 
capsule of fefol or fesovit (allopathic drugs) was heated 
with a minimum amount (^ 1^0 ml) of the oxidizing mixture 
(Cone. HNO^ + HCIO-/ 1:2) to destroy the organic matter 
completely till a clear solution is obtained.The volume 
of this solution was reduced to 1-2 ml to remove excess 
acid and was made 100 ml with DMW in a standard flask. 
"Lohasava"/ which is a liquid, was measured by volume. 
Five milliliters of this drug were treated with the 
oxidizing mixture as above before following the rest of 
the procedure. This treatment changes Fe(II) into 
Fe(III). 
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Adsorption of iron from drugs and its determination: 
Two grams of the exchanger (50 - 70 mesh) in H 
form were taken in a glass tube with an internal diameter 
of ^ -^ 0*6 cm and containing glass wool at its bottom. The 
column was washed thoroughly with DMW and 1 ml of the 
stock solution was loaded on it, maintaining a flow rate 
of 2-3 drops/min. The Fe(III) ions present in the 
solution were thus retained on the column due to the 
high selectivity of the material for these ions. They 
were then leached out with IM NH.NO, as eluant. The 
4 3 
effluent was analyzed for the presence of Fe(III) ions by 
EDTA titration using Cu-PAN as an indicator. The results 
are summarized in Tables 5.1 and 5.2. 
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RESULTS AND DISCUSSION 
The study was aimed to employ an inorganic ion 
exchanger for the estimation of iron content of 
formullations used in modern and ayurvedic pharmaceutical 
products for their metal ion content. The results 
(Tables 5.1 and 5.2) indicate that the method is quite 
preacise for the quantitative adsorption of iron on the 
column of Antimony(V) arsensilicate which is highly 
selective for this metal ion (Table 2.11 in Chapter 2). 
The method can, therefore, be utilized for the 
standardization of drugs containing iron. 
The regulation for ayurvedic and other indigenous 
system of medicine are almost nonexistant. The 
formulations do vary in their constituents depending upon 
the source of ingradients. This is rreflected in the 
observations of the present study. The products from 
modern medicines are required to be prepared under strict 
criteria, where "Good Manufacturing Practice" is 
adopted as a mandatory preactice. In such products the 
chances of variation in the quantity of constituents are 
uncommon. The two products selected, Fesovit and Fefol, 
were found to possess the quantity of iron(II) as 
specified by the manufacturer. 
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Methods for the determination of active 
ingradients in ayurvedic preparations are few and often 
not too accurate to be used as standard techniques. The 
standards for ayurvedic medicines usually relate to their 
methods of preparation which should be in the 
authoritative books of the system as indicated in the 
first schedule of drug control. The prerequisite for the 
preparation of ayurvedic drugs in the Act is the "raw 
materials" used in the preparation of the medicines. 
The guidelines for the manufacture of ayurvedic 
medicines are vague as the raw materials obtained from 
different sources may vary in their active ingredients. 
They result in the lack of uniformity in the quantity of 
constituents and consequently the benefit accrued to the 
patient may also vary. 
Iron is absorbed more easily in ferrous form 
which passes directly into and through mucosal cells into 
the blood stream where it is immediately attached to 
transferrin. The absorption of the iron in ferric form 
is less and also erratic. Therefore the practice of use 
of oral iron in ferric form for therapeutic purpose in 
iron deficiency (7) 'anaemias' has been discarded. The 
iron contained in Lohasava is also in ferrous form. It 
appears that the ferric form in which iron is added 
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initially might have been converted into the ferrous form 
by the adjuvants of Lohasava. 
Lohasava is administered orally in a dose of 15 ml 
three times a day. Different preparations of Lohasava 
contains elemental iron ranging from 16.775 to 41.88 mg in 
one dose whereas ferrous sulphate which is commonly used as 
300 mg tablet and is also administered three times a day 
provides 60 mg of elemental iron per tablet. 
Considering the low and variable iron content of 
different Lohasava preparations and also differences in the 
iron content of different batches from the same 
manufacturing house makes these preparations less reliable 
for therapeutic purposes in iron deficiency anaemias. 
However, these preparations do provide the estimated daily 
iron requirement of the body, which varies from 0.5-1.0 mg 
in adult male and from 1.0-2.0 mg per day in adult female 
and hence may also be useful to treat mild anaemias when 
treated for a long duration. 
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Abstract 
A new, thermally stable and crystalline phase of antiniony( V) arsenosilicate has been synthesized and characterized 
using X-ray. IR, TGA and DTA studies in addition to ion exchange studies such as determination of ion exchange 
capacity, elution. pH titration and distribution behaviour. On the basis of the distribution behaviour the material has 
been found to be highly selective for iron. Some binary separations of metal ions such as Sr(II)-Cd(II) and 
Mn(II)-Cd(n) have also been performed on a column of this material. The X-ray studies reveal the crystalline nature 
of the material indicating a cubic structure. The kinetics of exchange for the metal ions has also been studied and 
some physical parameters such as the self-diffusion coefficient Do, energy £. and entropy AS* of activation have been 
determined. 
Key words: Antimony(V) arsenosiUcate; Cation exchanger; Inorganic ion exchanger; Ion exchanger; Synthesis 
Introduction 
Inorganic ion exchangers are of current interest 
because of their resistance to heat and radiation 
in addition to their selective ion exchange behav-
iour for certain metal ions [1]. They are useful in 
environmental analysis [2] and can also be utilized 
as solid electrolytes and catalysts [3]. Silicates 
form one of the most important classes of these 
materials as they have the added advantage of 
being resistant to thermal and chemical attack 
[4,5]. Antimony salts have been found to possess 
more promising ion exchange behaviour [6-8] as 
compared to the other materials of this class. In 
view of this a new material antimony( V) arsenosili-
cate has been prepared during these studies and it 
•Corresponding author. 
.S.VD/0927-7757(9.1)02591-2 
possesses high selectivity for iron(III) and good 
thermal stabihty in addition to being crystaUine. 
The following pages summarize its synthesis, char-
acterization and analytical applications. The kinet-
ics of exchange of metal ions on its beads has also 
been studied in order to understand its ion 
exchange behaviour. 
Experimental 
Reagents and chemicals 
Potassium pyroantimonate (KSb{OH)6) and 
sodium metasilicate (NajSiOj-SHjO) were 
obtained from Loba-Chemie (India) while sodium 
arsenate (Na2HAs04-7H20) was a CDH product. 
Other reagents and chemicals were of Analar grade. 
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Instruments apparutus used 
Spectrophotometry was done on a Bausch and 
Lomb Spectronic-20 spectrophotometer, while pH 
measurements were performed using an Elico 
Model LI-10 pH meter. X-ray diffraction studies 
were made on a Philips X-ray diffraction unit with 
a Mo Ka target and IR studies were done on a 
Perkin-EImer spectrophotometer Model 783. For 
flame photometry a digital Biomed flame photome-
ter Model 26 DF was used while for TGA DTA a 
Cahn thertnobalance Model 2050 was used. A 
shaker incubator with a temperature variation of 
±0.5"X was used for equilibrium studies. 
Preparation of.the reagent solutions 
Decimolar solutions of sodium metasilicate and 
sodium arsenate were prepared in demineralized 
water (DMW). A calculated amount of potassium 
pyroantimonate was dissolved in 5.8 M HCl solu-
tion to obtain a 0.1 M solution. 
Synthesis of antimony ( V) arsenosilicate 
Four samples (AAS-1, AAS-2, AAS-3, AAS-4) of 
antimony(V) arsenosilicate were prepared by 
mixing solutions of sodium arsenate (0.1 M), 
potassium pyroantimonate (0.1 M) and sodium 
metasilicate (0.1 M) in different volume ratios, i.e. 
1:1:1, 1:2:1, 1:1:2 and 2:1:1 respectively. The 
pH of the resulting gel was fixed in the range 0-1 
by adding aqueous ammonia with constant stir-
ring. The gel thus obtained was kept for 24 h at 
room temperature (% SCC) and filtered by suction. 
The excess acid was removed by washing with 
DMW and the material was dried in an air oven 
at 45 "C. It was then broken into small granules 
by immersion in DMW. The granules so obtained 
were of a uniform size suitable for column opera-
tion. They were converted into the H^ form by 
treating with 1 M HNO3 for 24 h with occasional 
shaking, intermittently replacing the supernatant 
liquid with fresh acid. The material thus obtained 
was then again washed with DMW to remove the 
excess acid before drying finally at 45 C and 
sieving to obtain particles of size 50-100 mesh. Of 
these four samples only .AAS-2 was found to 
possess an appreciable ion exchange capacity 
(1.62meq g~' (dry basis)) and hence was selected 
for further studies. 
Ion exchange capacity (i.e.c.) 
This was determined by the usual column pro-
cess taking 1 g of the exchanger (H* form) m a 
glass tube of internal diameter 5:1 cm, fitted with 
glass wool at the bottom. Two hundred and fifty 
millilitres of 1 M NaN03 solution was used as 
eluent, maintaining a very slow flow rate ( *0.5 ml 
min"'). The effluent was titrated against a stan-
dard alkali solution to determine the total H" ions 
released. The i.e.c. in rneqg"' (dry basis) for the 
various metal ions, taken as nitrates, are given 
below: 
Li"-, 1.42; Na" ,^ 1.62; K\ 1.19; 
Sr-*. 2.30; Mg^", 1.32; Ca-*. 2.42; 
Ba^*, 2.20 
Thermal stability 
This was studied by heating 1 g samples of the 
material at various temperatures for 1 h each in a 
muffle furnace and determining their i.e.c. after 
cooling to room temperature. The values are given 
below. The i.e.c. values for AAS-2 at different 
temperatures are: 
1.62 (45°C); 1.54(100°C); 1.34 (200X); 
1.30(400°C); 1.04 (600X); 1.00 (800X). 
The sample was also heated separately at 400 
and SOO^ C for 4 h each, resulting in i.e.c. values of 
1.18 meq g"' and 0.56 meq g"' (dry basis) respec-
tively. No change in appearance was observed at 
up to 600 C. Above this temperature, however, 
the colour changed to pale yellow. 
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39 
Two hundred and fifty milligrammes of the 
exchanger were placed in 25 ml each of the various 
mineral acids, bases and salt solutions of different 
concentrations for 24 h with intermittent shaking. 
The supernatant liquid was analysed for antimony, 
arsenic and silicon using the standard methods 
given below. 
Determination of antimony 
Two millilitres of the liquid were mixed with 
1.6 ml of 18 N H2SO4 and 5 ml of KI reagent 
(11.2g of KI and 2g of ascorbic acid in 100 ml 
DMW). The yellow solution formed was diluted 
to 10 ml with DMW in a standard volumetric flask 
and the absorbance was measured after 2-3 min 
at 425 nm against a reagent blank [9]. 
Determination of arsenic 
The molybdenum blue method [10] was 
employed for this determination. The reagent solu-
tion was prepared by mixing 10 ml of solution A 
(1 g ammonium molybdate dissolved in 100 ml of 
5 N H2SO4) with 1 ml of solution B (0.15 g hydra-
zine sulphate dissolved in 100 ml of DMW) and 
diluting the mixture to 100 ml. This solution was 
prepared fresh daily. Ten millilitres of this reagent 
were added to the sample solution (5ml) and the 
mixture was heated on a steam bath for 15 min. 
After cooling, it was transferred to a 25 ml volumet-
ric flask and diluted up to the mark with the 
reagent solution. The absorbance of this light blue 
solution was read at 850 nm against a reagent 
blank. 
Determination of silicon 
Five millilitres of the sample solution were mixed 
with 0.2 ml of 10% ammonium molybdate solution 
and two drops of 50% H2SO4. The yellow solution 
produced was diluted to 10 ml with DMW in a 
standard volumetric flask before measuring its 
absorbance at 420 nm against a reagent blank 
[11]. 
Two hundred milligrammes of the powdered 
exchanger were dissolved in 5 ml of 4 M HF and 
the solution was evaporated to dryness on a water 
bath. The residue was dissolved in 5 ml of DMW 
by heating for 5 min. HjS was then passed through 
this solution to obtain a precipitate which was 
filtered off. The filtrate contains silicate which was 
determined as silica [12]. The residue contained 
arsenic and antimony(V). It was treated with 
concentrated hydrochloric acid, the dissolved por-
tion contained antimony which was determined by 
evaporating the solution to dryness and heating at 
800 ^ C. The residue thus obtained was weighed as 
such. The part which did not dissolve in hydrochlo-
ric acid contained arsenic which was determined 
by Volhard's thiocyanate method [13]. The molar 
composition (Sb: As: Si) of antimony( V) arsenosi-
licate was found to be 1.60:1.00:8.00. 
pH titrations 
pH titrations were performed by the batch pro-
cess, using the method of Topp and Pepper 
[14]. Five-hundred-milligramme portions of the 
00 OS VO ( 5 20 
m motas ol OH ions Qdd«d 
Fig. 1. pH titration curves for antimony(V) arsenosilicate 
cation exchanger with various alkah metal hydroxides: 
O, NaOH/NaCl; A, KOH/KCl; Q, LiOH/LiCI. 
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exchanger in H * form were put into each of several 
250 ml conical flasks followed by equimolar solu-
tions of alkali metal chlorides and their hydroxides 
in different volume ratios, the final volume being 
kept at 50 ml to maintain the ionic strength 
constant. The pH of the solution was recorded 
after equilibrium, which needed approximately 
12 days, and was plotted against the milli-
equivalents of OH" ions added. The results are 
given in Fig. 1. 
IR studies 
The IR spectra of antimony(V) arsenosilicate 
were taken by the KBr disc method and are shown 
in Fig. 2. 
Thermal analysis 
Figure 3 shows the TGA and DTA curves. 
X-ray studies 
Figure 4 shows the X-ray diffraction pattern of 
antimony(V) arsenosilicate. Table 1 summarizes 
the results of these studies. 
Distribution studies 
Various 200 mg portions of the exchanger in H * 
form were taken in 20 ml of different metal solu-
tions in the required medium and kept for 24 h 
with intermittent shaking to attain equilibrium. 
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Fig. 2. (Caption opposite.) 
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Fig, 2. IR spectra of antimonylV) arsenosilicate cation exchanger at vanous temperatures. 
WoiO 
J3 2 
AT 0 
Fig. 3. TGA and DTA curves of antimony! V) arsenosilicate. 
The initial metal ion concentration was so adjusted 
that it did not exceed 3% of the total ion exchange 
capacity of the material. The metal ions in the 
solutions before and after equilibrium were deter-
mined by EDTA titration [15]. The alkah metal 
ions were determined by flame photometry. 
Distribution coefficients K^ were calculated by the 
formula 
l-F V 
where / is the initial amount of the metal ion in 
the solution phase; F the final amount of the metal 
ion in the solution phase; V the volume of the 
solution (ml) and M the amount of the exchanger 
(g)-
Alkali, alkaline earth and transition metal ions 
were selected for such a study and the solvents 
chosen were the following: DMW, HNOj (0.01, 
0.1 and 1 M),HC104( 0.01,0. land 1 MKCHjOH, 
C2H5OH, C3H7OH, 1% citric acid and 1% oxalic 
acid. Only FedH) was found to be strongly 
adsorbed on the ion exchanger; its K^ value was 
found to be 10400 in all the above solvent systems. 
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Fig. 4. X-ray diffraction pattern of antimony! V) arsenosilicate cation exchanger. 
Table 1 
X-ray diffraction data and the lattice parameters of antimony! V) arsenosilicate 
10 
Sample 
no. 
1 
2 
3 
4 
5 
6 
7 
29 
14.650 
29.553 
34.800 
37.950 
50.000 
52.350 
59.296 
6 
l.-ili 
14.776 
17.400 
18.975 
25.000 
26.175 
29.648 
Intensity 
(c.p.s.) 
328 
374 
112 
102 
112 
104 
112 
2 sin 9 
0.2549 
0.5100 
0.5980 
0.6503 
0.8452 
0.8822 
0.9893 
''hU 
6.0464 
3.0226 
2.5779 
2.3708 
1.8241 
1.7476 
1.5584 
hk\ 
110 
220 
311 
320 
332 
422 
521 
.V 
1/1- -^- + ;-) 
2 
8 
11 
13 
">"> 
24 
30 
" = ''hki\ -V 
8.55 
8.55 
8.55 
8.55 
8.56 
8.56 
8.54 
The average lattice constant, a = 8.55 A. 
Separations achieved 
The 50-70 mesh sized particles of the exchanger 
(2 g) in H^ form were used for column separations 
in a glass tube having an internal diameter of 
approximately % 0.6 cm. The column was washed 
thoroughly with DMW and the mixture to be 
separated was loaded on it, maintaining a flow 
rate of s;2-3 drops m in ' . The separation was 
achieved by passing a suitable solvent through the 
column as eluent and the metal ions in the effluent 
were determined quantitatively by EDTA 
titrations. 
Binary separations such as Sr(II)-Cd(II) and 
Mn(II)-Cd(II) have been achieved experimentally, 
the details of which are given in Table 2. Besides, 
several separations from Fe(III) are also possible 
as the unusually high selectivity of the material for 
iron suggests. 
Kinetic measurements 
The rates of exchange were measured by the 
limited bath technique [ 16] on exchanger particles 
of mean radius (ro) ^125nm (50-70 mesh size). 
Twenty milliliter fractions of the 0.02 M metal ion 
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Table 2 
Binary separations of metal ions achieved on antimony! V) arsenosilicate columns 
Sample 
no. 
1 
2 
Separation 
achieved 
Sr(II)-Cd(II) 
Mn(nKCd(II) 
Amount loaded 
140.20 (Sr) 
505.80 (Cd) 
412.05 (Mn) 
618.20 (Cd) 
Amount found 
135.28 (Sr) 
528.28 (Cd) 
398.31 (Mn) 
641.30 (Cd) 
Error 
(%) 
- 3 . 0 
+ 4.4 
-3 .0 
+ 4.5 
Eluent used 
0.01 M HNOj 
1.0 M HNOj 
0.1 M HCIO4 
1.0 M HNO3 
Volume of 
eluent 
(ml) 
30 
50 
50 
50 
solutions (Mg, Ca, Sr, Ba, Mn, Co, Ni, Cu, Cd and 
Pb) were shaken with 200 mg of the exchanger in 
H * form in several stoppered conical flasks at the 
desired temperatures (25, 33, 50 and 65 (± 0.5)'C) 
for different time intervals. Supernatant liquid was 
immediately removed and analysed for its metal 
ion content. The fractional attainment of equilib-
rium I/,,, may be expressed as the amount of 
exchange at time t divided by the amount of 
exchange at infinite time, i.e. at equilibrium. 
Figure 5 illustrates the fractional attainment of 
equilibrium for all the ten metal ions studied at 
different temperatures (25, 33, 50 and 65 °C). Each 
value of [/(,) has a corresponding value oft (dimen-
sionless time parameter) obtained from the table 
established earlier in these laboratories [17]. Plots 
of T vs. t at the four different temperatures for 
metal(II)-H(I) exchanges at a concentration of 
0.02 M (metal) are shown in Fig. 6. 
The slopes S of various x vs. time t plots for all 
the metal ions are given in Table 3. They are 
related to DH as 
The values of -log^H, obtained by using the 
above equation give straight lines when plotted 
against \/T (Fig. 7), verifying the validity of the 
Arrhenius equation 
Z)„ = Z)oexp -EJRT 
The energy of activation £, and the pre-
exponential constant DQ were then estimated from 
these plots using the value of D^ at 273 K. The 
entropy of activation AS* was calculated by substi-
tuting Do in the equation: 
\kT /AS" 
where d is the ionic jump distance [18] taken as 
5 A, fc is the Boltzmann constant and h is Planck's 
constant; T is taken as 273 K. The values of the 
diffusion coefficient DQ, energy of activation £, and 
entropy of activation AS* obtained are summa-
rized in Table 4. 
Discussion 
Antimony(V) arsenosilicate has been found to 
possess good ion exchange capacity as compared 
to the other materials of this class. It shows an 
i.e.c. for Na* of 1.62 meq g~* (dry basis). 
Furthermore, the loss of its i.e.c. on heating is also 
less than for other materials as shown in Fig. 8; it 
retains an appreciable i.e.c. even on heating to 
600-800 °C. Also, the material appears to be a fast 
ion exchanger as the kinetic parameters indicate. 
The energy of activation for the various metal ions, 
as shown in Table 4, are smaller than those of 
Sn(IV) arsenosilicate [19] and Ti(IV) arsenosih-
cate [20]. However, these values are of the same 
order as on Sb(V) silicate and antimonic acid [21]. 
The solubility experiments show that the material 
has reasonably good chemical stability. It is highly 
resistant to HNO3 and HCl, with a slightly higher 
solubility in H2SO4. In alkaline media, however, it 
dissolves appreciably, perhaps due to extensive 
hydrolysis, like other materials of this class. 
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U(T ) 
Fig. 5. Plots of 1/(T) VS. t (time) for different metaUII)-H{I) exchanges at different temperatures on aniimony(V) arsenosilicate: 
• , 25°C; O, 33°C; A, SCC; A, 65°C. 
Composition studies indicate the molar ratio of 
Sb, As and Si as 1.60:1.00:8.00, suggesting the 
tentative formula 
[(Sb205),.5(As,05)-{SiO,)iJ-«H20 
This indicates that the compound consists 
mainly of a polymeric silicate structure, studded 
with the hydroxide groups of antimony and arsenic 
which are responsible for its cation exchange 
properties. 
The number n of external water molecules can 
be calculated from the TGA curve (Fig. 3). An 
inflection point at «118°C signifies the removal 
of all the external water molecules which corres-
ponds to a 17% weight loss. Assuming the above 
structure to be a basic unit, the value of n comes 
out to be 19 by applying Alberti's expression [22] 
18« = A'(iVf+18w) 
100 
where X is the weight loss in percent and (M + ISn) 
is the molecular weight of the material. 
A further weight loss beyond 118°C may be due 
to the condensation process which might be com-
pleted up to 550°C. This temperature range 
(118-550°C) also includes the limiting temperature 
range [23] (435-450 °C) for the existence of AsjOj. 
A sharp endothermic peak at 118°C in the TGA 
curve (Fig. 3) confirms the removal of external 
water molecules. A broadened exothermic peak in 
the range 276-500 °C is an indication of a slow 
decomposition process: 
AsiOs*- iAs,0, + 0 , 
in addition to the condensation process involving 
the removal of the strongly coordinated H2O mole-
cules within the framework of the exchanger. 
However, the removal of the HjO molecules may 
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1 } ) 4 
TIME (Mlnutt) 
Fig. 6. Plots of T VS. t for different metal(II)-H(I) exchanges at different temperatures on antimony! V) arsenosilicates: 
Z\iiC: A. 50 C; A ,65 C. 
25 C: 
be a reversible process as indicated by the persis-
tence of the i.e.c. even on heating the material to 
an elevated temperature. The sharp peak at 800'C 
may be due to the noise in the instrument as no 
structural changes in the material are expected 
beyond 550°C when oxide formation may be 
completed. 
The pH titration curve (Fig. 1) indicates mono-
functional behaviour of this material. It appears to 
be a strong cation exchanger as indicated by a low 
pH («2) of the solution when no OH' ions were 
added to the system. The rate of exchange is faster 
for the H*-Li* exchange than for the H*-Na* 
and H*-K* exchanges. It may also be due to a 
larger hydrated radius of Li * ion as compared to 
those of Na* and K*. The ion exchange capacity 
calculated from the pH titration curye corresponds 
closely to the experimental value obtained by the 
column process for Na* ions. However, for the 
alkaline earths (Ca^*, Ba'^, Sr^*) the i.e.c. is found 
to be higher than for the alkali metals except for 
the Mg^ "" ion. In this respect AAS resembles other 
similar materials. The ionic size and charge may 
together be the reason for such behaviour. A close 
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Table 3 
Slopes of r vs. i plots at different temperatures 
Migrating 
ion 
Mg(II) 
Cadll 
Srdll 
Bat III 
Mndll 
Colli! 
Nit III 
Cudll 
Cddll 
Pbdl) 
S(s ' 
25 C 
5.88 
5.33 
3.33 
7.16 
9.09 
8.33 
6.95 
7.00 
4.54 
5.55 
X lO-* 
33 C 
7.16 
8,33 
6.00 
9.00 
i i i : 
10.00 
8.88 
8.33 
8.55 
8.33 
50 C 
9.66 
i:.16 
8.33 
13.83 
14.81 
12.50 
11.90 
11.83 
8.33 
12.16 
65 C 
16,66 
15.66 
11.66 
16.66 
18.51 
16.66 
15.46 
16.66 
11.66 
16.66 
observation of the pH titration curves reveals a 
reversal of the i.e.c, Li"^  (0.8) <Na* (1.0)<K^ 
(1.2), in comparison to the i.e.c. obtained in 
the column process, Na"^  (1.62) > Li"^  (1.42) > K"^  
(1.19). It may also be due to a difference in the 
experimental conditions. The pH titrations were 
performed under static equilibrium conditions 
(batch process) while the i.e.c. were determined 
under dynamic conditions. 
IR studies reveal [24,25] the presence of the 
various groups in antimony( V) arsenosilicate. The 
metal-oxygen and metal-OH stretching bands are 
observed at *7(X)cm"'. The absorption band 
observed at %9(X)-1000cm"' is due to the pres-
ence of the arsenate group in the material. The 
bands at 1050 and 1600 cm"-' are characteristic of 
the silicate group. External water molecules also 
absorb at 1600 cm"' in addition to the usual range 
of 3300 cm"'. The absorption band at 1400 cm"' 
can be ascribed to the vibration of the O-NH4 
band. This indicates that AAS contains a consider-
able amount of NH^ ions in spite of the acid 
treatment. This peak disappears on heating the 
material up to 600°C and beyond. Figure 2 shows 
the various bands at different temperatures. 
The X-ray studies show the material to be crys-
talline (Fig. 4). The diffraction peaks have been 
identitied and marked. The lattice constant a has 
10.1 
fO.t 
10.S 
lO.B 
11.0 
n.2 
11 * 
11.« 
n.s 
17 ft 
^ \ 
* \ 
-
— 1 
\«^f\ 
1 1 \ _ 
b 
\ k V 1 
2.7S 3.00 J JJ 3S0 375 4.00 * . « 4.S0 4 75 
l / r ' K X 1 0 ' • 
Fig. 7. Plots of -Iog0„ vs. l/r(K) for (a) Mndl), • ; 
Codl), C; Nidi), A; CudI), • ; Cddl), A; Pbill), El; and 
(b)Mg(II),«;CadI), A; Sr(II),B;Ba(II),E!; on antimony! V) 
arsenosilicate. 
been calculated following the standard procedure 
using the formula 
a' = 
;.W+k'-+i') 
4 sin- 0 
where /(1.5418 A) is the wavelength of the incident 
 
 
 
 
 
  
 
 
 
KG. V'urshney el .1/. Colloids Surta<fi A: PhysiaKhem. Eng. Aspect S: ( l'i<i4 ) .r 4S 47 
Tabic 4 
Do, £, and AS* values for the exchange of H(I) with some metal ions on antimony! V) arsenosilicate 
Metal ion 
exchanging 
withH(I) 
Ionic radius 
(A) 
Ionic 
mobility 
( c m - V ' s ' l 
Do 
( m - s ' l (kJ mol ^') 
AS' 
(J C mol ') 
Mg(II) 
Ca(II) 
Sr(II) 
Ba(II) 
Mn(in 
Co(II) 
Niiri) 
Cu(II) 
Cddl) 
Pb(II) 
0.78 
1.06 
1.27 
1.43 
0.91 
0.82 
0.78 
0.70 
1.03 
1.32 
0.00055 
0.00062 
0.00062 
0.00066 
0.00028 
0.00043 
0.00044 
0.00046 
0,00046 
0.00061 
4.15 X 1 0 " 
5.55 X 10"' 
1.38 X 10"' 
1.20 X 10-' 
1.97 X 10"' 
1.74 X 10"* 
4.73 X 1 0 ' 
1.11 X 1 0 " 
1.73 X 10"" 
7.10 X 10"' 
11.52 
11.78 
13.23 
9.82 
7.61 
6.68 
8.88 
9.86 
10.79 
12.03 
-18.53 
-16.13 
-8.57 
- 28.85 
-43.89 
-44.89 
-36.60 
- 29.46 
-25.81 
-14.09 
200 iOO 600 800 
TEMPERATURE (*C ) 
Fig. 8. Effect of heating on the i.e.c. of various arsenosilicates 
(heating time 1 h): A, antimony(V) arsenosilicate; G, chro-
mium(ni) arsenosilicate; • , tin(IV) arsenosilicate; x , titan-
ium(V) arsenosilicate; A, zirconium(IV) arsenosilicate. 
beam, h, k, I are the plane indices and 26 is the 
angle for the diffraction peak. The results are given 
in Table 1. These preliminary investigations indi-
cate that the material has a cubic structure with 
the lattice constant a = 8.55 A. Further studies are, 
however, in progress to determine if the material 
has a composite nature. 
Due to the unique selectivity of AAS for Fe( III), 
separation of this ion from other metal ions can 
be effected. Other separations such as Sr(II)-
Cd(II) and Mn(II)-Cd(II) have also been achieved 
experimentally due to their differential selectivities 
in different solvents. Table 2 summarizes the 
details. 
The kinetic study reveals that equilibrium is 
attained faster at a higher temperature (Fig. 5), 
probably because of a higher diffusion rate of ions 
through the thermally enlarged interstitial posi-
tions of the ion exchange matrix. The particle 
diffusion phenomenon is evident from the straight 
lines passing through the origin for the r vs. t 
plots, as shown in Fig. 6. Negative values of the 
entropy of activation suggest a greater degree of 
order achieved during the forward ion exchange 
[M(II)-H(I)] process. 
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Abstract: A method has been developed for the standardization of Indian ayurvedic 
drugs containing iron, using inorganic ion exchange material antimony (V) 
arsenosilicate cation exchanger. The iron present in the drug was absorbed 
quantitatively on the columns of the exchanger, cluted with a suitable solvent and 
then titrated against a standardized EDTA solution. 
Key words: ayurvedic drugs iron content cation exchanger 
INTRODUCTION 
Inorganic ion exchangers have found application 
in the metal ion separation owing to their selective 
behaviour for certain metal ions (1). These materials 
have also demonstrated a potential use in the metal 
analysis of pharmaceuticals. Antimony (V) arsenosilicate 
(AAS), an ion exchanger synthesized in the investigation 
laboratory (2), has shown a high selectivity for Fc O'l). 
It was considered worthwhile to explore the possibility 
of its use in estimating iron content of ayurvedic 
medicines used for the treatment of iron deficiency 
anaemias and for their standardization. Anaemia, 
especially caused by deficiency of iron, is in our 
population because malnutrition is very common. 
Parasite and helminth disease, infections and several 
other factors (3). 
Several iron containing pharmaceutical preparations 
are available in the market manufactured by different 
pharmaceutical houses. Lohasava is one such preparation. 
Its method of preparation is described in standard 
ayurvedic texts, but in the absence of any available 
method for the estimation of its iron content, iu 
therapeutic efficiency has always remained suspect as 
compared to iron preparations of modem system of 
medicine. The present attempt is in the direction of 
estimation of iron content of Lohasava manufactured 
by different pharmaceutical houses and in different 
batches of some established manufacturing houses. It 
is not only the low dose of iron which will leave the 
anaemia uncovered, an excessive dosage of iron may 
be harmful due to the deposition of unused Fe in various 
organs of the body (4). In view of this a judicious use 
of the drug is important for which its standardization 
is required. The following pages summarize the results 
of our attempt in this direction. Fesovit (EskeyeQ. Fcfol 
and Lohasavas of various companies have been 
quantitatively analysed for the presence of Fe, using 
antimony (V) arsenosilicate as the adsorbent. 
RXPKRIMKNTAL 
Reagents and chemicals: Potassium 
pyroantimonate [KSb (0H)6J and sodium metasilicate 
[Na2 SiOj. 5H2O] were obtained from Loba-Chemie 
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(India) while sodium arsenate [Na2HAs04 . 7H2OI was 
a CDH product. Other reagents and chemicals weic of 
Analar grade. 
Preparation of the reagent solutions : Decimolar 
solutions of sodium meiasilicate and sodium arsenate 
were prepared in demineralizcd water (DMW). 
Calculated amount of potassium pyroanlimonatc was 
dissolved in 5-8M HCl solution to obtain its 0-lM 
solution. 
Synthesis of the ion-exchange material : 
Antimony (V) arsenosilicatc was prepared by an 
earlier method (2), the main points of which are 
given below: 
Decimolar aqueous solutions of .sodium arsenate, 
potassium pyroantimonate and sodium mctasilicate were 
mixed in the volume ratio 1:2:1, fixing the pH of the 
resulting gel in the range 0-1 by adding aqueous 
ammonia with constant stirring. The gel thus obtained 
was kepi for 24 hrs at room temperature (~30°Q and 
filtered, removing the excess acid and washing with 
DMW, before drying the material in air oven at 45*0. 
The material was finally cracked into small granules 
of uniform size by putting in DMW. These granules 
were converted into the H* - form by treating with 
IM HNO3 for 24 hrs with occasional shaking, 
intermittently replacing the supernatant liquid with fresh 
acid. The material thus obtained was Tmally washed 
with DMW to remove the excess acid before drying at 
45''C and obtaining particles of the: size 50-70 mesh 
by sieving. 
Distribution studies: Various 200 mg portions of 
the exchanger in H* - form were taken in 20 ml of the 
different metal solutions in the required medium and 
kept for 4 hours with intermittent shaking to attain 
equilibrium. The initial metal ion concentration was 
so adjusted that it may not exceed 3% of the total 
ion exchange capacity of the material. The metal 
ions in the solutions before and after equilibrium 
were determined by the EDTA titration (5). The alkali 
metal ions were determined by flame photometry. 
Distribution coefficient (Kd) were calculated by the 
formula 
^<^=^-r--^("^^/&^) 
where 
I = Initial amount of the metal ion in the solution 
phase. 
F = Final amount of the metal ion in the solution 
phase. 
V = Volume of the solution (ml). 
M = Amount of the exchanger (gm). 
Treatment of the drug samples : To prepare the 
stock solution of the drug, one capsule of fefol or fesovit 
(allopathic drugs) was heated with a minimum amount 
(~ 10 ml) of the oxidizing mixture (Cone. HNO3 + 
HCIO4, 1:2) to dcstory the organic matter completely 
till a clear solution is obtained. The volume of this 
solution was reduced to 1-2 ml to remove excess 
acid and was made 100 ml with DMW in a standard 
flask. "Lohasava" which is a liquid, was measured 
by volume, S ml of this drug was treated with the 
oxidizing mixture as above before following the rest 
of the procedure. This treatment transfers Fe (II) into 
Fe (III). 
Ad.sorplion of iron from drugs and its determination 
: 2 gm of the exchanger (50-70 mesh) in H* - form 
was taken in a glass lube with an internal diameter of 
~ 0-6 cm and containing glass wool at its bottom. The 
column was washed thoroughly with DMW and I ml 
of the stock solution was loaded on it, maintaining a 
now rate of 2-3 drops/min. The Fc(III) ions present in 
the solution are thus retained on the column due to the 
high selectivity of the material for these ions. They 
were then leached out with IM NH4NO3 as eluant and 
the cffluant was analyzed for the presence of Fe (III) -
ions by EDTA titrations using Cu-PAN as indicator. 
RESULTS 
The Na* ion exchange capacity {i.e. c) of the 
material was obtained by the column process as usual 
(6) and was found to be 1 -62 mcq/dry gm. 
The distribution coefficients (Kd) for some 
commos metal ions on antimony (V) arsenosilicate in 
DMW and some other solvent systems are summarized 
in Tabic I. Tables H and III summarize the results of 
the determination of iron in the drugs. 
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TABLE I : Kd values of some mdal ions on antimony (V) arscnosilicatc cation exchanger. 
Mttal 
ions 
J, 
Na(I) 
K(l) 
Mg (II) 
Ca(II) 
Sr(ll) 
B. (11) 
Mn(ll) 
Fe (III) 
Co (11) 
Ni (II) 
Cu (II) 
Zn(II) 
Cd(II) 
Hg (11) 
Pb(ll) 
Bi (III) 
DMW 
2400 
1560 
7100 
7400 
2400 
5400 
7700 
10400 
6400 
7900 
6500 
8300 
7100 
6400 
7500 
7500 
0-OIU 
HNO] 
ISO 
177.7 
620 
650 
150 
450 
680 
10400 
6900 
700 
6500 
8300 
7100 
6400 
660 
7500 
OlM 
HNOj 
38.8 
28.30 
80 
650 
150 
450 
290 
10400 
600 
700 
560 
8300 
620 
6400 
660 
7500 
1-OM 
HNO] 
5.26 
11.11 
44 
50 
150 
175 
160 
10400 
133 
300 
230 
740 
40 
550 
660 
7500 
0-OIM 
11004 
233.3 
72.41 
620 
650 
150 
450 
290 
10400 
6900 
7900 
6500 
180 
7100 
550 
660 
7500 
TABLE 11: Quantilalive determination of iron 1 
Trade name of 
ihedruf 
Labelled composition of the drug 
(each capsule) 
Solvenis 
OlM 
IICIO4 
78.57 
38.80 
140 
87.5 
150 
450 
95 
10400 
600 
7900 
560 
110 
620 
550 
660 
7500 
lOM 
IICIO4 
51.50 
19.04 
44 
50 
ISO 
175 
56 
10400 
600 
700 
560 
110 
620 
550 
660 
660 
ClljOII 
2400 
1566 
7100 
650 
150 
175 
7700 
10400 
6900 
7900 
6500 
8300 
7100 
550 
7500 
7500 
CillsOH 
2400 
1566 
260 
275 
150 
175 
7700 
10400 
6900 
7900 
6500 
740 
620 
550 
660 
7500 
CjllyOII 
2400 
455 
260 
275 
150 
45 
7700 
10400 
600 
700 
560 
320 
620 
225 
660 
7500 
irom iron preparations using antimony (V) arscnosilicaie col 
Amount 
loaded 
(m) 
Amount 
found* 
fM«) 
%Error 
Citric 
acid 
1.0% 
6140 
6950 
140 
316 
150 
37.50 
316 
10400 
600 
700 
560 
110 
260 
550 
26.6 
660 
umns. 
Oxalic 
acid 
1.0% 
2560 
203 
140 
316 
150 
83.3 
316 
10400 
6900 
100 
560 
320 
260 
550 
280 
660 
Standard 
deviation 
Fesovii 
(EskeyeO 
Ferrous sulphate 150 mg. 
Ascorbic acid 50 mg. 
Riboflavin 2 mg. 
Thiamine mononitrate 2 mg. 
Nicotinamide 15 mg, 
Pyridoxine Hydrochloride 1 mg. 
Pantothenic acid 2-5 mg. 
52499 516 60 -16 2-5 
Fefol 
(EslteyeO 
Ferrous sulphate 150 mg, 
Folic acid 0-5 mg. 
544-50 536-20 - 1 5 234 
'Mean value of five replicates. 
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TABLE III: Quantiutive deteiminalion of iron in varioui samplu of Lohasava 
marketed in India uiing antimony (V) anenosilicate columni. 
Maiu^acturtd by 
Dabur India Ud. 
22 Site IV, Sahibabad • 201 010 (U.P.) 
Regd. Office : 813 Asaf Ali Road, 
New Delhi 
Shrm Baufyamaik 
Ayurved Bhawan Ltd., 
Gwaliar Road, Jhansi 
DhanvaiUari 
Kaiyalya Bijaigarii 
(Aligaiti) 
Ztuidu 
70, Gokhale, South 
Bombay-400 025 
Batch No. 
2016 
2031 
IS 
18 
22 
25 
5198 
5309 
Amount <^ir<M 
loaded 
(mglJS ml of drug) 
18 431 
16-755 
54-450 
16-755 
41-88 
25 98 
37-68 
20-94 
Amount ofrion 
found 
(mgllSmlofdrug) 
18 009 
16-335 
53616 
17-500 
42-700 
25 140 
36-450 
20-106 
% Error 
-2-3 
-2^ 
-16 
+4-3 
• • 2 - 0 
-33 
-3-4 
-4-2 
DISCUSSION 
The study was designed to employ an inorganic 
ion exchanger for the estimation of iron content of 
formulations used in modern and ayurvedic 
pharmaceutical products for their metal ion content. 
The results (Tables II and III) indicate that the method 
is quite precise for the quantitative adsorption of iron 
on the colum of Antimony (V) arsenosilicate which is 
highly selective for this metal ion. The method can, 
therefore, be utilized for the standardization of drugs 
containing iron. 
The regulations for ayurvedic and other 
indigenous system of medicine are almost 
nonexistant. The formulations do vary in their 
constituents depending upon the source of ingradients. 
This is reflected in the observations of the present study. 
The products from modern medicines are required to 
be prepared under strict criteria, where "Good 
Manufacturing Practice" is adopted as a mandatory 
practice. In such products the chances of variation in 
the quantity of constituents are uncommon. The two 
products selected, Fesovit and Fefol, were found to 
possess the quantity of iron (II) as specified by the 
manufacturer. 
Methods for the determination of active ingradients 
in ayurvedic preparations are few and often not too 
accurate to be used as stand^d techniques. The standards 
for ayurvedic medicines usually relate to their methods 
of preparation which should be in accordance with the 
formula described in the authoritative books of the 
system as indicated in the first schedule of drug control. 
The prerequisite for the preparation of ayurvedic drugs 
in the Act is the "raw materials" used in the preparation 
of the medicines. 
The guidelines for the manufacture of ayurvedic 
medicines are vague as the raw materials obtained from 
different sources may vary in their active ingredients. 
The result in the lack of uniformity in the quantity of 
constitutents and consequendy the benefit accrued to 
the patient may also vary. 
Iron is absorbed more easily in ferrous form which 
passes directly into and through mucosal cells into the 
blood stream where it is immediately attached to 
transferrin. The absorption of the iron in ferric form is 
less and also erratic. Therefore the practice of use of 
oral iron in ferric form for therapeutic purpose in iron 
deficiency (7) 'anaemias' has been discarded. The iron 
contained in Lohasava is also in ferrous form. It appears 
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ihai the ferric form in which iron is added iniiiaily 
might have been convened into ihe ferrous form by 
the adjuvants of Lohasava. 
Lx>hasava is administered orally in dose of 15 ml 
three times day. Different preparations of Lohasava 
contains elemental iron ranging from I6-77S to 41-88 
mg in one dose whereas ferrous sulphate which is 
commonly used as 300 mg tabia and is also adminisicrcd 
three times a day provides 60 mg of elemental iron per 
tablet 
Considering the low and variable iron content of 
different Lohasava preparations and also differences 
in the iron content of different batches from the same 
manufacturing house makes these preparations less 
reliable for therapeutic purposes in iron deficiency 
anaemias. However, these preparations do provide the 
estimated daily iron requirement of the body, which 
varies from 0-5-1-0 mg in adult male and from 10- 2-2 
mg per day in adult female and hence may also be 
useful to treat mild anaemias when treated for a long 
duration. 
This study was planned to determine the contents 
of iron in various preparations of Lohasava manufactured 
by ayurvedic pharmaceutical houses. The technique for 
determination of iron was selected after several trials 
and errors. The iron content of Lohasava was separated 
by an ion exchanger antimony (V) arsenosilicate, 
which is highly selective for Fe (III) ions, as is evident 
fcam Che Kd values (Table I). The exchangee was 
syntesized in these loboratories for the purpose of 
extracting iron from Lohasava by the method already 
established earlier (2). 
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